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“Transportation investments, and the transportation systems that emerge 
from them, shape lives and communities. Highways, sidewalks, bike paths, trains and 
bus service connect people to friends and family, jobs, shopping, school, and 
countless other activities. These transportation systems also shape the design of the 
buildings and neighborhoods that they link together. Transportation systems and 
neighborhood design together determine the out of pocket cost, convenience, and 
comfort of different travel options. The travel choices we make on a daily basis—
whether we get around via active or sedentary, polluting or non-polluting modes of 
travel—are a product of these investment and development decisions.” 
 
Quoted from Kavage S, Frank L, Smets H, Kolian T and Dacus B. 2010,  
The Hidden Health Costs Of Transportation, Page 1,  
A Report by the American Public Health Association (APHA), February  
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Abstract 
Transport investments are vital for the growth of the Australian economy. The 
transport network plays a critical role in connecting the export-oriented Australian 
economy with global community and trade. Moreover, as one of the most urbanised 
countries, with close to 89 per cent of Australians living in cities as of 2011 Census, 
the domestic economy is highly dependent on its road and rail network for moving 
people, goods and services efficiently. This core position of transport in the 
economic activities implies that all potential transport projects and policies are likely 
to affect people and their environment significantly and hence, require impact 
assessments before implementation. That is, it is necessary to assess all potential 
impacts (costs and benefits) to the community and environment of the intended 
projects and policies, set for the transport sector, before making a decision. This is 
particularly applicable to major public transport investment programs, as these are 
very expensive in terms of time cost and resources used.  
In practice, these impact assessments recognise the issues of transport 
externalities as adverse impacts (or, costs) of transport investment projects and 
transport policies. Transport externalities refer to the impacts of transportation felt by 
those who are not direct users of the transport system (say, the society/community 
living in a busy traffic area - nearby a marketplace or a main road). One of the major 
transport externalities is increasing air pollution due to transport emissions. 
Epidemiological evidence has established that air pollution is a serious health 
concern that leads to severe morbidity and premature mortality cases around the 
globe. Thus, the air pollution induced health effects (mortality as well as morbidity) 
generated through transport emissions impose health costs to the society as a whole. 
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Consequently, vulnerable groups of society like old people, children and individuals 
with poor health, who are non-users (or, infrequent users) of  transportation are likely 
to suffer from a variety of health effects due to emissions produced by vehicles and 
related sources, varying from eye irritation and nausea to obesity, chronic lung 
diseases, cancer, or heart failure. In fact, this issue became a global environmental 
concern in the last decade and governments in different countries implemented a 
range of policy actions to reduce the public health costs generated by transport 
emissions. The direct actions included mandatory use of unleaded petrol, reduced air 
pollution through improved engine technology (catalytic converter), regulated 
emission standards, lower levels of sulphur in diesel fuel, and traffic monitoring. 
Various studies (mostly in a developed countries context) quantified the health costs 
of transport induced air pollution over the years, where the dollar value was 
estimated to justify and/or monitor the policy actions implemented. A review of the 
existing evidence on the health costs of transport is presented in Chapter 2. The 
review implies that impact assessments of major transport projects and transport 
policies need to consider potential health costs and benefits, in order to achieve the 
desired outcomes. However, the current practice of policy impact assessments in 
Australia pays inadequate attention to health costs and benefits related to major 
public transport investments programs. Health impacts are typically superficially 
assessed within the Environment Impact Assessment (EIA), which generally 
emphasises the physical aspects of environment and pollution-related health hazards 
or communicable diseases.  
In reality, most EIA assessments do not address the broader determinants of 
population health - such as socioeconomic factors, which are influenced by non-
health policy initiatives. In addition, these assessments do not consider the potential 
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transport policy impacts across target population groups from different local areas – 
such as different local government areas (LGAs) within an Australian state. Instead, 
policy makers employ some a priori or comparable health cost figures in their 
assessment. Moreover, policy makers usually assume a uniform relationship between 
population health output and its determinants across diverse local areas or 
neighbourhoods, making the policy outcomes inefficient.  
The key focus of this thesis was to address these issues by valuing health 
impacts of major transport investments and transport policies in Australia using a 
suitable economic approach of policy impacts assessment. The concept of Health 
Production Function (HPF) was used as the core of the economic approach 
developed in this thesis. The HPF shows how health status (output) of an individual 
or a group is determined by health inequality, health services and a range of non-
health factors (inputs) – such as income, employment, education, air quality, lifestyle 
and other factors. 
The point to be noted here is that in addition to direct policy actions, various 
indirect policy measures currently being implemented across the globe (mostly in 
developed countries like Europe, USA, Australia, parts of South-East Asia and 
China, India) have the capacity to curb both transport emissions and the associated 
adverse health effects. These indirect policy measures include sustainable transport 
planning and urban planning – such as, shifting to public transportation from private 
cars (rapid and mass public transport network, limited car parking places, high costs 
for private car parks) and high density urban planning to encourage less use of 
transport (walking, bi-cycling). At the same time, these policy measures can also 
produce adverse health effects and a cost to society through gentrification, which 
displaces lower income households from their land and thus limits their access to 
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better health care services as well as their health spending capacity through reduced 
job opportunities. A brief discussion on these issues is presented in Chapter 1, 
Section 1.4 in the context of the link between built environment and transport. 
However, these important transport externality issues are large enough to have 
individual attention, which is beyond the scope of the present study and as a result, 
not included in this thesis. 
The Health Impact Assessment (HIA) provided an appropriate framework for 
incorporating the economic approach developed in this study. This is because HIA 
assesses the beneficial and adverse effects of a programme or policy on public health 
and on health inequality through the distribution of those effects. In Australia, HIA 
has been conducted as part of the environmental impact assessment in non-health 
policy decisions, particularly in transport. However, HIA usually tries to influence 
the decision making process using its scientific findings, mostly epidemiological and 
toxicological evidence. Unfortunately, this evidence is not sufficient to establish 
causal links between policy and health impacts, as it cannot explain how an 
individual or a community reacts to changing circumstances. To address this missing 
link, this study put forward an economic approach of policy impacts assessment, a 
key contribution of this research. This approach is the best as it can explain observed 
changes in group and individual behaviour in a given economic set up as well as 
quantify the policy impacts in dollar terms. Accordingly, this thesis developed an 
economic model (using the HPF concept) to quantify health benefits in dollar terms 
from a transport program or policy and validated the model through a case study. 
This model sits in the evidence stage of the HIA framework, which drives the final 
transport program or policy assessments. 
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 In practice, an economic evaluation of a proposed policy is critical as it 
facilitates a comparison of different policy impacts in monetary units, in terms of 
costs and benefits derived from intended or implemented policies and programs. This 
is essential for effective policy decisions in the current environment of resource 
constraints faced by most economies. Adopting an economic approach that evaluates 
impacts (costs and benefits) of specific transport investments or policy initiatives is 
most appropriate as it can assist policymakers in efficient resource allocation aimed 
at sustainable transport system. Moreover, most large scale transport investments, 
both public and private, usually conduct cost benefit analysis for decision making as 
a best practice. 
The main contribution of this research is the economic model developed and 
validated with a transport policy case study to estimate the health benefits of major 
public transport investments and transport policies, where health inequality plays an 
important role in determining the health status of a representative Australian 
household. The estimated economic model demonstrates household income, 
education and access to health services (visits to general physicians), as important 
health determinants of Australians, in addition to air quality and health inequality. 
The policy case study in Chapter 6 showed that a positive monetary health gain for 
the Australian population could be achieved through transport policies aimed at 
lowering air pollution. 
To derive the household health benefits, the HPF model in the case study used 
annual per capita emissions of the three most hazardous air pollutants emitted by the 
transport sector, chosen on the basis of existing epidemiological evidence, as the 
transport policy indicators. These pollutants are carbon (monoxide and dioxide), 
nitrogen oxides and PM10 (particulate matters). All three air-pollutants are observed 
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to be associated with health cases of serious diseases (asthma, lung cancer, cardio-
pulmonary diseases etc.) and premature death. The choice of the transport policy 
parameters was influenced by the research finding (discussed in section 2.2) that 
reducing local air pollution has been introduced in most countries successfully 
through regulatory transport policy instruments. As air quality improvement policy 
measures imply lowering the level of concentrations in health-hazardous air-
pollutants, the case study used selected air-pollutants emission levels as the transport 
policy parameters.  
The household benefits from the chosen transport policy – transport emissions 
abatement policy – were derived in this study using an econometric analysis method 
(Three Stage Least Square or 3SLS). However, constrained by the data availability, 
income inequality was used as a proxy for the health inequality indicator in the 
estimated HPF for the Australian population. Chapter 5 and 6 address this issue in 
detail. The economic model is expected to be incorporated in the HIA framework (as 
shown in Chapter 4) by establishing an association between health output and 
identified health inputs, which drive changes in the behaviour of the target 
population group and in turn, in the health outcomes. 
 Another contribution of this research is the annualised health benefit estimates 
of a representative Australian household based on a long run (50 years) economic 
relationship between population health and its determinants (HPF). Literature 
reviews have shown that available studies generally estimated total health costs 
and/or total health benefits of transport for a reference year (see chapter 2). These 
economic estimates are mostly based on the occurrences of total health cases 
(mortality and morbidity) derived from epidemiological evidence. The disadvantage 
of these monetary estimates is that the health impacts are identified for a specific 
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point of time and hence, cannot reflect policy effects adequately. In contrast, a long 
run economic association can establish a broad pattern of health demand and 
consumption by the population group and how they react to any changes induced by 
a transport initiative – programs (investments) or policy. In addition, as the health 
benefits are derived for a representative household, aggregate household benefits can 
be obtained for any level - regions or sub-regions. 
Most importantly, the economic model developed in this thesis is generic by 
nature. That is, this model can be applied to quantify public health benefits of other 
transport, as well as non-transport policy initiatives in dollar terms. The 
transferability of the economic model was explored using two example case studies. 
While one of the examples focused on the application of the model in the case of 
transport abatement policy for population group with different income levels – a 
hypothetical high and low income household group; the other example discussed the 
use of the model for assessing the health benefits from a different transport policy – 
the increased public transport patronage policy of the ACT State Government.  
In this study, the economic model estimated a Health Production Function 
(HPF) for the Australian population at the national level for the last fifty years (1960-
2010) using time series data and an econometric analysis method. The estimated HPF 
at the aggregate level makes two important contributions to the existing research:  
1. it assists macroeconomic policy decisions in valuing household health benefits 
from a transport policy initiative, while identifying the long run behaviour of 
socio-economic factors that influence transport-related public health outcomes 
effectively;  and 
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2. it provides the most current empirical evidence on the long term determinants 
of Australian population health, which could also be used for quantifying 
health impacts of other non-transport policy interventions. 
In addition, this thesis found that the estimated health inequality of the 
population across Australia’s local areas within a State remained significantly high in 
recent years, along with rising income inequality. This finding has important 
implications for transport-induced health impacts as it suggests that the same 
transport policies cannot be implemented across different areas with differing 
population health statuses, to achieve the best policy generated health benefit 
outcomes.    
The economic model developed in this study found that different non-health 
factors including lifestyle and environment (air quality) were important determinants 
of population health (or, HPF) in Australia, in addition to health inequality 
(represented by income inequality). In reality, these socio-economic factors show a 
discrepancy across local suburbs within a given geographical area – say a city or a 
region or a state - characterised by different population age groups, income groups 
and health-status groups. This implies that HPF for each local suburb is likely to be 
different, indicating a range of factors influencing the health output of the local 
suburb population. In fact, the current study found that estimated health inequality 
and income inequality across local areas of Australian regions remained high. This 
suggests that the relevant costs and benefits from a particular transport initiative are 
likely to diverge between local areas. Therefore, this study argues that any public 
transport investment policy, aimed at providing the maximum policy benefits to the 
community, needs to estimate a HPF of the population group affected by the policy. 
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The HPF should be assessed on a case to case basis to identify area specific 
population health determinants and their respective health-costs and benefits.  
The economic approach of policy impacts assessment advocated in this study is 
expected to assist policy makers in valuing health impacts of public transport 
investments and transport policies efficiently. The developed model is expected to be 
a suitable tool for selecting the most effective public transport investment programs 
with minimum adverse health effects and/or maximum health gains for the targeted 
community. In addition, this economic model will also be useful for budget analysis, 
while considering new or existing transport policy impacts on public health and 
public transport investment program reviews (new infrastructure, maintenance or 
extension), often required in the transport policy development process.  
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Chapter 1: Introduction 
This chapter outlines the background of the research in the first section before 
providing a preview of the Health Impact Assessment (HIA) framework in the next 
section, followed by a statement of the research problem explored in this thesis in 
section 3. The research objectives and scopes of the study are discussed in section 4, 
while section 5 identifies the significance of the research. The chapter ends with a 
brief description of the remaining chapters.  
1.1 BACKGROUND  
Investment in transport infrastructure is essential for the Australian economy. 
With close to 89 per cent of the population living in urban areas as of 2011 Census, a 
transport network keeps people, goods and services mobile, efficiently and 
productively. By 2030, the urban population is forecast to grow to over 90 per cent of 
Australia's total population (MPT 2030, 2013), while the total population touch 30 
million showing a more diverse demographic profile and spatial distribution as 
compared to 23 million in 2014 (DIRD 2014). This increase in city population 
implies increased transport externalities (traffic congestion, higher vehicle running 
costs, more road accidents, worsened air pollution, and reduced family and leisure 
time) necessitating investments in the transport network to improve city capacities. 
Urban population growth also requires efficient transport policies to manage 
escalated demand for goods and services (all businesses, as well as health care) and 
access to work, education and recreation. Driven by population growth, mainly 
through overseas migration, the aggregate metropolitan traffic in terms of passenger 
car equivalents (PCU) is projected to grow significantly to 200 PCU-kilometres 
annually by 2030, (BITRE 2015). In addition, as an export-oriented economy, 
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Australia’s national freight networks and international gateways are critical for its 
international trade activities and access to global markets. By 2019, the national 
freight task is projected to grow substantially to almost 60 billion tonne-kilometres 
per year (BTRE 2007). Transport investments are needed to support this growth in 
passenger traffic, freight networks and the Australian export industry.  
The importance of investment in urban transport networks for the future 
productivity growth of Australia’s cities is reflected in the 2014-15 Federal 
Government Budget. The Australian Government has allocated $50 billion to 
transport investment to provide much needed modern transport infrastructure to its 
cities. This major investment in the transport sector is the core of the Government’s 
Economic Action Strategy to boost economic growth and prosperity and raise 
productivity, while creating numerous new jobs. However, as resources are limited 
and investments are expensive in terms of time and resource costs, a suitable impact 
assessment analysis for each major transport investment should be carried out.  
In fact, a range of impact assessment analysis has largely influenced the policy 
decisions on public transport investment programs during the last few decades. These 
assessments have investigated the potential effects of proposed programs on various 
economic, environmental, political and social outcomes to derive the costs and 
benefits of the intended transport investment policy. However, prior to the last 
decade, these assessments had not seriously considered impacts on public health.  
With increasing research evidence on significant public health effects of 
different non-health policy initiatives - transport, housing, urbanisation and social 
welfare – policy makers in developed economies have started taking serious note of 
potential health costs of non-health investment programs in impact assessments. In 
fact, the World Health Organisation (WHO) has recognised the research findings on 
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the strong association between health impacts and health inequality. Health 
inequality is also considered to be positively related to income inequality. This is 
supported by the finding that people from lower socio-economic groups suffer more 
from incidence of diseases and related economic costs compared to higher socio-
economic groups (WHO 2005, Metcalfe & Higgins 2009). The WHO Commission 
on Social Determinants of Health also agreed that health adversities and health 
inequalities between and within countries were caused by social determinants of 
public health - such as unemployment, unsafe workplaces, urban slums and lack of 
access to health systems (WHO, 2008). Accordingly, the WHO suggested the Health 
Impact Assessment (HIA) framework for policy makers to assess, estimate and 
include prospective health costs of intended non-health policy initiatives. While in 
most developed economies including the European Union, USA, Canada and New 
Zealand have been using HIA extensively in the policy development and policy 
monitoring since the past decade, Australia lags behind in comprehensively adopting 
the HIA in its policy decision process.  
In Australia, the health impacts of public transport investment proposals have 
been quantified as part of environmental impact assessment in a range of transport 
policy decisions. However, the linkage between public health costs and transport 
policy in the Australian context has not been fully explored using an economic 
approach. In reality, a proper cost estimation of population health in a region or a 
country requires an understanding of the economic behaviour of the population group 
targeted by the proposed transport program or public investment policy. To achieve 
this, an economic analysis that can address important public health issues influenced 
by economic and socio-economic factors – such as income inequality, health 
inequality, health care services and spatial (or, area specific) health determinants is 
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necessary. These indicators relate to the behaviour of a group or individual choices 
and any specific observed change in these indicators can be explained through a 
suitable economic analysis.  
Therefore, this study presents an economic approach to estimate the health 
impacts of major transport public investments and transport policies. An economic 
model is developed and incorporated into the HIA framework by identifying the 
public health-policy linkages, where health inequality is a critical element in 
estimating Health Production Function (HPF). In this model, HPF drives changes in 
the behaviour of the target population group and in turn, in the health outcomes and 
health costs or benefits estimation.  
1.2 HEALTH IMPACT ASSESSMENT (HIA) FRAMEWORK  
This section provides a general framework of the HIA approach and part of the 
text in this section including the framework figure is taken from an original research 
paper presented at the 10th Annual Health Impact Assessment Conference 
(Rotterdam, The Netherlands, 14 - 16 October 2009) – a revised version of the paper 
is presented in chapter 3 of this thesis.  
HIA is a popular practice in developed economies to assess the potential health 
impacts of a proposed non-health policy. It is generally considered a mechanism to 
improve issues related to population health and health inequalities in planning and 
policy implementation (Acheson 1998, WHO 1986 and 1997). HIA has been defined 
as (WHO, 1999): 
 “a combination of procedures, methods and tools by which a policy, program 
or project may be judged as to its potential effects on the health of a population, and 
the distribution of those effects within the population”.  
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HIA is also defined as (Northern & York Public Health Observatory, 2001):  
“a multidisciplinary process within which a range of evidence about the health 
effects of a proposal is considered in a structured framework, …based on a broad 
model of health which proposes that economic, political, social, psychological, and 
environmental factors determine population health." 
These definitions imply that HIA provides a structural framework that is 
developed to identify the activities and policies likely to have major impacts on the 
health of a target population and HIA is aimed at reducing the negative health 
impacts and increasing the beneficial effects of policy initiatives, usually non-health 
policies. In fact, a fundamental element of HIA is health equity, where the policy 
assessment examines how potential health impacts are distributed in the population, 
variations in population health effects and whether these impacts increase inequities 
within the target population groups ((European Centre for Health Policy 1999, 
Mahoney and Durham 2002, Harris-Roxas et al., 2004).  
A HIA framework captures the comprehensive process of non-health policy 
decision incorporating all possible evidence-based health impacts. To be specific, a 
HIA framework, as suggested by WHO, is presented in Figure 1.1 to indicate the use 
of evidence and the place of policy decisions (Mindell et al. 2004).  
The HIA framework is broadly built on six steps: screening, scoping, 
assessment, recommendation, policy decision, monitoring and evaluation. To begin, 
HIA screens to identify projects or policies for which a HIA would be useful - that is 
whether the intended policy or program is likely to affect the population health in 
question significantly enough to be investigated, as resources are limited. In the 
scoping stage, it identifies which health impacts should be assessed and which 
populations are affected by the proposed policy intervention.  
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Figure1.1: An outline of Health Impact Assessment (HIA) Framework 
 
The assessment stage is crucial in HIA as the magnitude, direction, and 
certainty of population health impacts are assessed in this stage using evidence, local 
data and views, followed by reporting the assessment findings to the policy makers 
with appropriate recommendations in the recommendations stage. The final stage is 
monitoring and evaluating the impact of the HIA on the decision making process. 
In practice, the assessment stage in HIA turns out to be particularly important 
in policy decision making. In this context, the Health Development Agency (HDA) 
noted that identification and assessment of potential evidence was a crucial element 
in HIA. HDA view was that while evidence for actual or potential impacts on health 
could be collected from diverse sources, a good HIA would ensure proper 
identification of evidence to be used for policy decisions (HDA 2002).   
Screening 
Scoping 
Evidence from outside Local data 
Local views 
Assessment 
Policy decisions 
Monitoring  and  Evaluation 
Recommendations 
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The present research focused on this evidence based stage of HIA, where the 
economic model is incorporated showing the long term association between 
population health status and its determinants.  
In addition, HIA allows a multi-disciplinary approach in its comprehensive 
policy decision process. For example, in the transport policy environment, HIA 
draws its evidence base substantially from epidemiological studies. But the unique 
feature of HIA that sets apart it from epidemiological analysis is that determinants of 
health (like risk factors, exposures or determinants) are not considered exogenous, 
but as endogenous factors determined by a range of behavioural and socio-economic 
determinants. Current epidemiological evidences provides enough information on the 
risks attributable to specific exposures. However, the total health damage attributable 
to a risk factor, resulting from a transport policy initiative, differs from the health 
gain attained from that particular policy induced change in the level of the risk factor 
(Mindell et al., 2004). In this scenario, it would be useful to include sufficient 
evidence on the economic impacts of the transport investment program in question 
while assessing the health effects. Therefore, this research emphasises the need to put 
forward an economic model that can identify a range of factors explaining changes in 
the health status of the target population, which in turn can estimate health impacts 
arising out of particular policy intervention. 
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1.3 STATEMENT OF THE RESEARCH PROBLEM 
The key research problem for this research is: 
How are the health impacts of major public transport investment 
programmes and transport policies in Australia quantified in dollar terms? 
To address this question, this study examined two hypotheses as follows.  
H1: The current application of HIA to major public transport investment 
programmes (for example, transport infrastructure investments) lacks a sound 
economic approach in quantifying population health impacts monetarily. 
H2: Policy decision making in Australia regarding major public transport 
investments does not value health impacts systematically across population groups 
from different local areas. 
The first hypothesis, H1, implies that the health costs and benefits related to 
major public transport investment programs need to be quantified in an Australian 
context recognising that health outcomes are influenced by health inequalities across 
population groups and a range of socio-economic factors. For this purpose, this study 
developed an economic model using the Health Production Function (HPF) approach 
(the model is shown in Chapter 4 (Figure 4.2) of this thesis), where health inequality 
and relevant socio-economic determinants of population health were identified. The 
present study has estimated a long run HPF for the Australian population at a macro 
level, for policy use. 
In addition to quantifying the health effects of proposed transport policy 
interventions, this economic model could be also used for ex-post analysis of an 
implemented intervention, in addition to quantification of health outcomes 
(expenditure or savings) of ongoing transport policies. The estimated model could 
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help policy makers to identify the target population and areas where transport policy 
interventions are most warranted to improve population health outcomes – such as 
traffic congestion, traffic emissions, subsidised transport, transport network for better 
health care services, urban sprawl and better access to low income housing and 
education, etc. 
The second hypothesis, H2, argues that current transport policies in Australia 
do not quantify health costs systematically across target population groups from 
different areas while conducting policy impact assessments. Instead, policy makers 
use some a priori health cost values (value of statistical life, morbidity costs) for all 
areas to derive public health costs and benefits of intended transport investments and 
policies. While different localities have diverse population attributes, these transport 
policy assessments generally assume a uniform relationship between the target 
population health output and its determinants for all local areas. 
In reality, a number of socio-economic factors show a disparity across local 
areas within a given geographical area – say a city or a region or a state - 
characterised by different population age groups, gender-mix, ethnic groups, income 
groups and health-status groups. This implies that HPF for each local area is likely to 
be different, indicating a range of diverse factors influencing the health output of the 
local area population. This suggests that the health costs and benefits from a 
particular transport policy initiative are likely to diverge between local areas. A set of 
example household health benefit estimates in the case study of this thesis support 
this argument (see Tables 6.8 & 6.9 presented in Chapter 6). Therefore, any major 
public transport investment program or transport policy aimed at providing the 
maximum program/policy benefits to the community needs to consider the existing 
association between the health status of the local population and its determinants.  
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This study shows that an estimated HPF at a disaggregated regional (or local 
area) level can identify area specific population health determinants on a case by case 
basis. It can also systematically quantify health impacts across diverse population 
groups from different areas. In this context, the direction of changes in health 
inequalities overtime across Australian regions can provide necessary information. 
1.4  RESEARCH OBJECTIVES AND SCOPE 
This study aimed to address identified research inadequacies from previous 
studies by quantifying the health impacts of specified transport policy initiatives in 
Australia. A review of literature quantifying health impacts of transportation revealed 
that most of the available studies looked at the incidence of health cases based on 
epidemiological evidence. Economic valuation of health impacts (costs and benefits) 
are derived following a combination of cost of illness (medical and non-medical) and 
value of statistical life (VOSL) approaches. Economic approaches that explain how 
an individual or a community reacts to changing socioeconomic conditions as a 
result of transport investments or policy interventions are hardly explored for 
valuation. These approaches are particularly useful for investigating causal links 
between transport policy (or, program) and population health impacts. This is 
because an understanding of these linkages aids in effective planning and 
implementation of major public transport investments and policies.  
Health inequalities across population groups is another important issue which 
has been overlooked in the economic valuation of transport generated health costs 
and benefits. Health inequalities refer to systematic differences in health statuses that 
occur among population groups due to existing health conditions, age distribution, 
gender-mix and ethnic attributes. These inequalities are usually measured by 
disparities in population life expectancy, mortality or morbidity (disease). It follows 
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that these inequalities are, in principle, responsive to policy interventions as the 
disparities occur between socially defined groups (Woodward and Kawachi 2000, 
Gakidou et al. 2000, Kawarchi et al, 2002). Therefore, public transport policies and 
investments, aimed at the improved community living standards, need to incorporate 
health inequality aspect of the potential health impacts in its policy setting process. 
In reality, population health is affected by health inequalities across diverse groups 
and localities, in addition to a range of socio-economic and environmental factors.  
This study addressed the above issues raised by developing an economic model 
that is generic in nature. The model was validated by estimating the health benefits of 
a representative Australian household from a transport emission abatement policy. 
This model is to be incorporated in the HIA framework – at the Assessment Stage 
(see Figure 1.1) – for a full transport policy or investment program assessment. 
The study outcomes aimed to assist policy makers and other decision makers in 
maximising population health gain while minimizing the adverse health effects of 
major public transport investment projects and transport policy interventions. Since 
economic resources are scarce, this objective sits well within the current policy 
priorities of efficient and effective allocation of available resources in the community 
for the sustainable economic growth, where public investment plays an important 
role (Dora and Recioppi 2003). Consequently, the economic model developed has 
the potential to be used for assessing health impacts of other non-transport 
investments and policy interventions. Moreover, the health impact analysis in this 
study could be used to identify the budget implications of major public transport 
investments for the targeted Australian community as a whole. This information 
would be useful for budget analysis and infrastructure programme review purposes in 
decision making. 
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The point to be noted here is that transport investments affect the existing land 
use pattern significantly, which also can have indirect public health impacts. The 
recent debate in this field includes transportation externalities in terms of 
gentrification that displace lower income households from their land (Lin 2002, 
Kahn 2007, Pollack et al. 2010, Dominie 2012, Zuk et al. 2015). As these displaced 
households move to a cheaper neighbourhood, their access to better health care 
services and job opportunities reduces, which in turn, is likely to add to the current 
health disparities between different income groups.  
For policy makers, a quantitative assessment of any possible health effects of a 
proposed investment strategy is very useful. This is because quantified outcomes 
provide information about the practical implementation capability of a particular 
investment program and the likely budgetary implications for the government. In 
fact, quantification of health effects in HIA has a number of advantages (WHO 
2000). Firstly, knowing the size of an effect helps decision makers to distinguish 
between the details and the main issues that need to be addressed, and facilitates 
decision making by clarifying the trade-offs that may be entailed. Secondly, adding 
up all positive and negative health effects into a net effect permits the use of 
economic instruments such as cost benefit or cost effectiveness analysis, which 
further aids decision making. However, there are two difficulties in quantification:  
 the availability of valid data, and  
 the availability of methods to analyse the data and translate them into 
information on the health effect of the proposal under scrutiny. 
Finally, a quantitative assessment allows policy makers to weigh trade‐offs 
between alternative investment packages of transportation investments and allows 
them to apply cost effectiveness and strategic investments approach, if desired. 
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In addition, several research questions have emerged from the literature review 
and available reports on the implementation of the HIA in major public transport 
infrastructure investment programmes in Australia: 
• What is the current HIA framework for the transport strategies? Have 
the strategies been efficient and effective?  
Objective 1: Develop an economic model within the HIA for the efficient and 
effective implementation of major public transport investment strategies & policies. 
• What are the key factors for estimating and valuing health impacts of 
major public transport investment strategies and transport policies?  
Objective 2: Identify critical economic and socioeconomic factors, and 
relevant economic approaches in estimating health impacts of Australian public 
transport investment programs and choose an estimate of health inequality for the 
Australian population at a disaggregated level based on the best practice approach. 
• What are the implications of HIA for future major public transport 
investment and transport policy decision making in Australia?  
Objective 3: Estimate the developed economic model using transport policy 
parameters (in this study, transport emissions parameters are used). 
It is currently widely accepted that a range of economic, social and 
environmental factors determines the health of a population and public policies play 
an important role in improving public health (Harris-Roxas and Harris 2013, Bhatia 
2011, WHO 2008, Shaw et al. 2005). There is also a large body of evidence on 
health inequality (see section 3.6) – that is, adverse factors affect groups in society 
who are more socially and physically vulnerable, such as the lower income group, 
elderly people, children and women, to a much greater degree than other sections of 
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the population. Health inequalities can also exist across different localities 
characterised by socio-economic diversities in the population groups as a whole, 
irrespective of their age composition or gender characteristics. A HIA framework is 
capable of identifying those activities and policies likely to improve the health of a 
target population by reducing health inequalities. 
In fact, a HIA has the capacity to positively assess how a proposed policy or 
program may influence health factors – such as air quality, water quality, noise level, 
physical activity rates, injury and death rates, access to healthy foods etc.- to 
generate public health gains. On the basis of the findings on the potential health 
impacts of a policy or program implementation, a HIA assists policy-makers in 
recommending appropriate actions to manage those effects, which is the main 
advantage of using a HIA approach. In addition, HIAs also increase stakeholder 
participation and improve health equity across different socioeconomic groups 
(Braveman 2014, Bhatia 2011, Quigley et al. 2006). In fact, most of the health 
impacts are likely to be born by lower income households with an impact on their 
productivity, broadly due to their limited health expenditure capacity, lack of 
education on and access to healthy lifestyle and inadequate access to health care 
services (WHO GBD 2010, Bhutta et al. 2014) 
However, there is very little review-level evidence available to demonstrate if 
and how the HIA approach informs the decision making process and, in particular, if 
it improves health and reduces health inequalities (Harris-Roxas and Harris 2013, 
HDA 2002). In fact, the present decision making in regard to major public transport 
investments in Australia does not quantify health impacts and costs systematically, 
probably due to the lack of an appropriate approach. To assist transport policy 
makers in bridging this knowledge gap, the present research investigated the issue 
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using an economic approach and applied it in a transport policy case study. An 
economic model was developed in this thesis based on the economic approach that 
explained the linkages between public transport initiatives and health of target 
population group. The linkages considered population health status determined by 
health inequality and household demand for health, in addition to various economic 
and non-economic determinants. The model was validated using the transport 
emissions abatement policy in this study, which provided a range of monetary 
estimates on annual health benefits (in dollar terms) of a representative Australian 
household.  
In this thesis, the monetary estimation of impacts (benefits) of transport 
policies are focussed on public health externalities, specifically transport emission 
induced health impacts.  Conceptually, the health production function of a target 
population can be estimated at a highly disaggregated local level, provided time 
series information is available to show the pattern of household health behaviour, 
preferences and lifestyle. However, in reality, there is a lack of required information 
at a localised level. Moreover, developing and implementing different policies for 
different sub-regions at a highly disaggregated level, in practice, is constrained by 
high costs including administration costs, time costs as well as opportunity costs. 
Given these cost implications, geographical specifications need to be determined 
considering the population size, demographic composition (age group, race-mix, 
gender mix) of a local area and the feasible coverage of potential health impacts of 
specific transport policy options.  
Built Environment and Transport 
The economic model presented in this thesis also included the health impacts 
of built environment implicitly that refer to the adverse health effects generated by 
 Chapter 1: Introduction 16 
land use patterns consequent to large scale transportation investments. As built 
environment creates people’s surroundings - the design and placements of buildings, 
roadways, trails, transit networks and parks - where people live, work, and move. As 
built environment ranges from compact and walkable places connected by efficient 
transit network to dispersed and private car dependent, public health is bound to be 
influenced by the travel choices people make due to their built environments. This is 
particularly true for highly urbanised countries like Australia (with about 89 per cent 
of population living in urban areas as of the 2011 Census).  
A comprehensive review of research focussed on how planning decisions 
impact public health, showed significant adverse health effects of built environments 
(Wells, Evans and Yang, 2010). The review found that planning decisions influenced 
neighbourhood configuration, housing design, parks, location of stores and schools, 
as well as factors such as traffic density and air and water quality. These factors, in 
turn, affected physical and psychological health - from mental stress to heart disease 
to diabetes - for people of all ages. For example, studies showed that noise affected 
reading skills in children, elevated blood pressure, and increased stress hormones. In 
car-oriented neighbourhoods, residents depicted reduced physical activity and 
increased obesity rates.  Overall, the evidence suggested a strong negative 
association between built environment - housing, urban development, land use, and 
transportation – and public health and well-being. Therefore, the review argued 
strongly for inclusion of public health impacts in the planning decisions. 
However, across the globe, current urban landscape is changing rapidly 
through large transportation and land use investments, which are shaping new 
communities and population profiles, without considering the resultant health 
impacts of these investments (Frank et al 2012). Studies found that where 
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transportation investments raised land value, gentrification occurred by displacing 
lower income households from their land (Lin 2002, Kahn 2007, Pollack et al. 2010, 
Dominie 2012, Zuk et al. 2015). Usually transport investments that increase land 
value as well as generate new jobs, can lower existing health inequality through 
increased household access to health care services as new health care investments 
happen in the area and household income rises. In reality though, gentrification 
induced by transport investments implies that active transportation investments may, 
in effect, increase health inequality further as displaced low income groups face 
limited or no access to better health care services, healthy neighbourhood and labour 
market as they often move to a cheaper area with limited amenities. Therefore, 
transport investment planning should incorporate housing policies, particularly for 
low income groups, so that displacements from their current neighbourhood can be 
eliminated or they can move to a healthy neighbourhood with adequate health care 
services and transport network. However, indicators like household health 
expenditure, income level, education status, air quality level as well as income 
inequality can capture parts of the health impacts generated by built environment to a 
good extent. From a policy perspective though, the relationship between built 
environment and public health needs more in-depth analysis, which is beyond the 
scope of the current study. 
The point to be noted here is that in reality, individual (or, population) health 
depends on a number of health (genetics, existing health conditions) and non-health 
factors like demographic factors (life expectancy, gender-mix, race, age dependency 
etc.), habits (such as, eating home-made food or take-away meals, eating fruits and 
vegetables), lifestyle preferences (alcohol and drugs, smoking etc.) and other factors. 
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All these factors – as included in the current Health Production Function model - 
moderate the health impacts of built environment. 
1.5 SIGNIFICANCE OF THE RESEARCH 
The need for estimating health impacts of major transport initiatives has been 
acknowledged by the policy makers in most developed countries (European 
countries, USA, Canada, New Zealand, Australia, etc.) for decision making in 
transportation. Though it is well known that HIA is an instrument for evidence-based 
policymaking, the question that remains unanswered is how hard the evidence can be 
with regard to the consequences of strategic policy proposals. Do we have to 
conclude that certain transport policies or strategies should not be assessed for health 
consequences, or that they should be assessed only in a ‘‘mini’’ HIA (Broeder et al. 
2003)? In this context, economic analysis can support various options and policy 
perspectives related to specific activity sectors (for example, different transport 
modes or transport investment programs) and integrate economic and social activities 
with health concerns for a group of an identified population. 
HIA is usually conducted for policy areas other than health services – such as 
transport, housing or social inequalities, where health impacts have tended to be 
neglected in policy development. There are several ways in which evidence on health 
and its determinants can be related to policies in the transport sector. HIA plays a 
role in the political decision making process using scientific findings, most of which 
is epidemiological and toxicological evidence. However, this evidence cannot 
establish causal links between policy initiatives and health outcomes as it ignores the 
changes in behavioural patterns exhibited by an individual or a community, driven by 
economic or lifestyle changes. This thesis argues that an economic approach has the 
ability to address this missing link as economic analysis can investigate and explain 
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the factors driving changes in the group and individual behaviour in a given 
economic set up. Additionally, reduction in health inequality in the target population 
group through policy initiatives is an important element of HIA. In this context, 
economic analysis can quantify the policy induced changes in population health 
inequality to assess the intended policy effectiveness. In addition, a quantitative 
economic analysis can generate and analyse future health impact outcomes in dollar 
terms of a specific policy initiative.  
For example, in the context of applying HIA in transport policies, most public 
programs are expected to have health consequences. Since health hazard 
identification and health risk management are the salient features of the HIA (Lerer 
1999), transport policies are now recognised as important determinants of public 
health and application of HIA in the transport policy field has become a popular 
practice in the last decade. In fact, the existing transport network generates 
significant health costs in terms of transport-related accidents, air pollution, noise, 
climate change impacts and physical inactivity (Harris-Roxas and Harris 2013, 
Bhatia and Setu 2011, WHO 2008) as well as obesity.  
However, according to WHO’s 2010 Global Burden Disease Study (WHO 
GBD), across the world, the major share of adverse health effects were born by the 
low income populations. The WHO study estimated that diseases associated with 
poverty accounted for 45 per cent of the disease burden in the poorest countries. 
Infectious diseases of poverty (IDoP) were found to affect the poorest populations in 
the world disproportionately, decreasing their productivity due to long-term illness, 
disability, and social stigma, consequently adding to a cycle of poverty (Bhutta et al. 
2014). In developed countries, obesity was found to be negatively associated with 
household income level (Kim & Leigh 2010, McLaren 2007). A study, based on a 
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large USA national study, reported that obesity (measured by annual body mass 
index (or BMI), an indicator of excess body fat) was higher among adults in the 
lowest income group and the lowest education group compared to those in the 
highest income and education groups during the period from 1986 and 2002 (Truong 
& Sturm 2005). Another study based on Australian data showed that both men and 
women in the lowest income group had significantly higher rates of obesity in 
relation to those in the highest income group (Burns 2004). These findings have 
raised a serious policy concern globally on health equity aspects of transport 
investments and transport policy options.  
However, a study using US national data investigated the disparities between 
socio-economic status (SES) based on educational level and obesity over time (1971 
to 2000) and found weak relationships between higher BMI and lower SES as well as 
between greater obesity and lower SES (Zhang & Wang 2004).  The weak 
association between low income and obesity was observed across most gender and 
ethnic groups, particularly among women, despite a significant rise in overall obesity 
incidence. Moreover, the study observed the highest growth rate of obesity over time 
in the high-SES group across gender-racial categories. 
In addition to poverty, obesity is also affected by individuals’ lifestyle, for 
example food habits, less physical activity and more time spent in auto vehicles. In 
fact, obesity showed a positively link with motor vehicle driving (Bell et al. 2002, 
Parra et al. 2009, Hess & Russell 2012, Sugiyama et al. 2013). To be specific, the 
link between time spent in cars and higher obesity rates was supported by studies that 
reported a higher incidence of overweight and obesity in auto-oriented 
neighbourhoods with more users of motor vehicles as compared to pedestrian-
oriented neighbourhoods (Coogan et al. 2011, Frank et al 2007). This finding was 
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supported by a systematic review that identified eight out of ten studies provided 
evidence suggesting a positive relationship between driving time and distance and 
risk of obesity in an adult population (McCormack & Virk 2014).  
Overall, though research supported higher prevalence of obesity among lower 
income households, a significant volume of literature highlighted that obesity was 
not entirely “a poor person’s disease”. 
 Given this wide range of adverse health effects, it becomes necessary to have a 
Health Impact Assessment of transport policies and transport investments, which can 
ensure that the maximum health benefits are leveraged for the community with 
improvements in the transport system.  
This research has therefore developed and estimated an economic model which 
is incorporated within the HIA framework. The significance of this study lies in 
addressing the research inadequacies discussed in previous works in the field. 
Another significance of this study is its ability to expand the current knowledge-base 
of policy makers on the long run behaviour of observed health determinants covering 
a range of economic, socio-economic, environmental and lifestyle factors. Moreover, 
using the health impacts analysis developed in this thesis, policy makers will be able 
to identify major public investments programs, both transport and non-transport, 
beneficial to public health as a whole and easily estimate a set of monetary health 
benefits. This information can be also used for budget analysis and various major 
transport and non-transport investment program reviews (infrastructure program 
review) purposes in the decision making. 
However, though evidence suggested a strong association of obesity with 
driving behaviour and thus the important health benefits of physical activity resulting 
from active transportation investments, the economic model developed in this thesis 
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could not include physical activity as a determinant of population health status due to 
the lack of annual time series data for the reference 50 year period. 
1.6 THESIS OUTLINE 
This thesis has been organised into seven chapters. 
Chapter 1 sets the context of the study by identifying the research purpose and 
question addressed in this study, along with the significance of the research in the 
policy environment. 
The literature review is reported in two chapters in this thesis to depict the 
multi-disciplinary approach of the study. The major two areas of research this study 
focused on are transportation policy and public health impacts. Chapter 2 is 
dedicated to a review of literature on estimating transport externalities – particularly 
health costs. As a prelude to the case study considered in this thesis, Chapter 2 
specifically discusses existing evidence on the estimation of health costs due to 
transport emissions – both national and international. The second part of literature 
review focussing on studies conducted using HIA and HPF is presented in Chapter 3. 
The review of literature is followed by a summary of the gaps in knowledge in both 
chapters. 
Chapter 4 proposes the economic model to address the research questions 
identified in Chapter 1 using a Health Production Function (HPF) approach, where 
population health is determined by a range of economic, socio-economic, 
demographic and environmental factors. 
The HPF is specified and empirically estimated in Chapter 5 using econometric 
regression analysis and real time Australian data on the population, health indicators 
and determinants for the 1960-2005 period. 
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Chapter 6 validates the economic model (HPF model) developed in this thesis 
using a case study - estimating the monetary benefits of a transport pollution 
abatement policy. In this chapter, the HPF for the Australian population is re-
estimated with some modifications for the 1960 -2010 period. The re-estimated HPF 
model obtained better statistical results and showed that household health benefits 
from transport policy can be easily derived in dollar terms, which can be 
incorporated in a Health Impact Assessment (HIA) approach. This chapter also 
demonstrates that the HPF model advocated in this study is generic by nature and 
hence, could be used to assess health impacts of a range of transport strategies. 
Finally the conclusion, limitations of and way forward of this research are 
discussed in the Chapter 7. 
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Chapter 2: Literature Review: Health 
Impacts of Transport 
Traditionally, major transport investment programs and transport policy 
interventions in Australia, like other developed economies, have considered 
economic and environmental impacts assessments to be crucial for decision making. 
In contrast, health impacts (a part of social impacts) of transport and their 
distributional effects across various population groups have conventionally been 
either ignored or viewed as secondary issues (Burdge 1987, Marcovich and Lucas 
2011) in policy decisions; in spite of long being acknowledged as significant in 
public policies (Geurs et al. 2009). In fact, a large body of literature exists on the 
negative health impacts of transport (VTPI 2013, WHO 2008, BTRE 2005). 
This chapter presents a two part review of literature on the health impacts of 
transport and its implementation in public investment and transport policy making. 
The first part of this chapter reviews the literature on transport externalities related to 
public health as a whole, while the second part particularly discusses the health costs 
due to air pollution from transport emissions. The review covers both Australian and 
the international evidence in the existing literature over the past few decades. 
However, due to the vast size of the literature, this review is restricted to the selected 
studies based on the search strategy discussed in the next section. In addition, the 
studies include selected literature available in English only - studies published in 
other languages or studies not available (online or in the QUT library resources), are 
not explored.  
The main purpose of this review is to show that while the available research 
recognised the importance of considering transport induced health impacts in 
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transport policy formulation, the current impact assessments of major transport 
investments and/or transport policy decisions in Australia do not evaluate potential 
health impacts on the target population systematically. Finally, the review of 
literature is followed by a summary of the gaps in knowledge.  
Search Strategy 
The literature search for this review was initially undertaken in the beginning 
of this research study and part of this review was included in a review paper 
published jointly with Ackchai Sirikijpanichkul and Luis Ferreira (Sirikijpanichkul et 
al. 2006). The review presented in this chapter is an updated and improvised version 
with a more generalised focus on the population health effects of transport and 
transport externalities. The literature search spanned a range of resources including 
online full text journal articles, journals and books from library catalogues, reports 
and research studies published by international agencies, research organisations and 
various national and local governments. Databases accessed via the QUT library 
were utilised for searching and included Medline, Web of Science, JSTOR and 
Pubmed. 
For collecting and compiling the review materials, the following terms and 
words were used during the online search of the QUT library catalogues and the 
freely downloadable online resources using Google and Yahoo search engines: 
 “transport externalities”, “estimating transport costs”, “valuation of 
transport related costs and benefits”, “evaluating major transport investments”, 
“transport policy and health”, “health impacts of transport”, “measuring health 
costs of transport emissions”, “health costs of transport investments”, 
“quantifying air pollution induced health costs”. 
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The literature search focused on systematic reviews, individual studies 
referenced in the review papers, selected reports and research studies available 
online. The search strategy emphasised the review level evidence more, though while 
using evidence or concepts from the existing reviews, the most recent reviews were 
incorporated.  
Parameters for the individual and review studies were set for the time period 
1970–2014, English language, and for full text articles electronically available either 
through QUT library subscription, QUT e-prints or free download access from the 
internet search engines - Google Scholar and Yahoo. 
 
PART I 
 
2.1   BACKGROUND AND CONTEXT  
Australia is one of the most urbanised countries in the world, where more than 
85 per cent of the population lives in 18 cities with populations of over 100,000 
people. These urban areas together generate 80 per cent of Australia’s national 
income, while accounting for only about 1 per cent of Australia's total land mass 
(SOAC 2013). This high level of urbanisation of the Australian economy relies 
strongly on its transport investments to create a strong transport network across capital 
cities and regional urban centres in order to provide a range of vital economic 
activities, such as:   
 allowing access of raw and manufactured goods to markets; 
 supplying individuals and populations with food and other consumables; 
 delivering services to businesses and households;  
 transporting people to their workplaces and recreational facilities;  
 providing people access to education, health care and trade; and 
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 assisting people and communities in building and maintaining social 
networks.  
All of these activities suggest positive health impacts of transport on populations, 
created and maintained by transport investments. However, transport investments also 
bring along negative impacts of transport on the economy and the population health, 
such as: 
 injuries and premature mortality caused by traffic accidents and incidents;  
 urban sprawl and pressure on land in urban areas; 
 environmental costs and health costs associated with air pollution and 
noise pollution of transport;  
 obesity and other health conditions due to physical inactivity induced by 
excessive motor vehicle dependence; 
 spatial inequalities across cities and within cities with a population of more 
than 100,000; and 
 health inequalities across populations due to uneven access to the transport 
network. 
A number of research studies have investigated and quantified the detrimental effects 
of transport, which mainly emerged in the 1990s with a focus on costing impacts such 
as vehicle costs, travel time, accidents, congestion, air pollution, urban sprawl etc. 
Most of these studies have estimated transport costs for urban areas in the developed 
economies (BTRE 2005, WHO 2008, NSW EPA 2013), though various studies on 
developing countries were added in the 2000s (Sen et al. 2009, Timilsina and Dulal 
2010). A recent review (VTPI 2013) discussed in detail the range of evidence 
available since 1975 on various estimated external costs of transportation and a 
summarised version of the review of the evidence is presented in Table 2.1.  
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 Table 2.1: A Review of Transport Costs as presented in selected Literature on Transport Externalities  
 
Note: This table indicates which transport external costs are described (D) or quantified (Q) in the various studies 
Source: Table 2.2-1, as adapted from VTPI 2013                                                    
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The 2013 review study findings suggest that out of the identified negative 
impacts of transport, air pollution induced health effects and costs of traffic accidents 
have been most discussed and researched by policy makers as environmental health 
concerns gained prominence over the past few decades. This is also reflected in the 
fact that the current practice of cost-benefit analysis of transport projects or strategies, 
targeted at lowering transport induced environmental costs, has been increasingly 
evaluating the monetary values of air quality related health impacts of transport.  
This increased interest in the health impacts of air quality has influenced this 
thesis in choosing the transport emissions abatement policy as the case study to 
validate the economic model developed. Therefore, this chapter emphasizes in detail a 
review of the evidence on air quality impacts of transport and the methodologies used 
for such impact valuations.  
2.2  TRANSPORT HEALTH IMPACTS AND TRANSPORT POLICY 
The issue of health risks posed by the transport sector has now become a 
global environmental concern and governments in different countries have 
implemented various policy measures – fiscal, regulatory, and planning and 
investment - to curb the adverse public health effects related to transport emissions. 
Fiscal instruments are implemented in various forms – congestion charges, vehicle 
taxes, fuel taxes, parking charges and traffic fines, and subsidies for clean fuels and 
vehicles. The regulatory measures include the mandatory use of unleaded petrol, air 
quality control through improved engine technology (catalytic converter), regulated 
emission standards, reduced levels of sulphur in diesel fuel and traffic monitoring.  
While fiscal and regulatory policy instruments are targeted to address the 
negative externalities from urban road transportation, planning and investment policy 
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measures cover all modes of transport. These measures usually involve major 
transport investments – bus rapid transit (BRT), train networks, subways and metro-
rails, light rails, airports, ports, freight, highway and road networks. In addition, an 
integrated transport planning policy of cities and urban areas also includes 
management of urban sprawl, land use intensity and compact urban development 
(multi-use complex with residential and commercial buildings or neighbourhoods). 
These policies are found to be effective in reducing air pollution induced by 
transportation, while decreasing travel time and energy use.  
For example, a review of available literature on policies on planning and 
investments suggests that the frequency and duration of vehicle travel are strongly 
associated with the land use intensity (Frank and Pivo 1995, Mindali et al. 2004). In 
fact, evidence indicates that increased density of land use reduces transport energy 
consumption, and thereby related transport emissions (and thus health costs) through 
a fall in actual travel time and distance (Newman and Kenworthy 1989, Bagley and 
Mokhtarian 1998). 
However, a review of various studies, investigating the impacts of transport 
policy measures on reducing transport externalities, analysed the efficacy of each 
policy instrument separately (Timilsina and Dulal 2010). The review found the 
implementation of policies and measures as inadequate, particularly in the face of the 
rapid urbanisation and its resultant rising transport externalities – mainly, traffic 
emissions and congestion.  
2.3 TRANSPORT INVESTMENTS AND TRANSPORT POLICY 
Transport investments and transport policy are an integral part of present day 
urban planning activities aimed at increasing the economic productivity of urban areas, 
while lessening the external costs generated by the transport network. Both transport 
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investments and transport policy are capable of reducing health costs of transport by 
decreasing the level of travel demand, fuel consumption, traffic congestion, and 
emissions. In reality, major transport investments are based on transport policy 
decisions and include the expansion of existing, and construction of new transport 
infrastructure - bus rapid transit (BRT), train networks, subways and metro-rails, light 
rails, airports, ports, freight and road networks. However, in addition to public 
transport investments, transport policy covers a diverse range of areas such as traffic 
demand management, vehicle standards and use, fuel standards and taxes, safety and 
surveillance, access and equity issues, user pay based road network (toll management), 
community support activities, land use and housing.  
Major transport investments made in public transport infrastructure, 
particularly bus rapid transit (BRT), light rail and railways (metro, surface and 
elevated rails), are observed to reduce important transport externalities like congestion, 
emissions and accidents (and thus related health costs) (Baum-Snow and Kahn 2000, 
Lee 2003, Molina and Molina 2004, Vergara and Haeussling 2007). For example, a 
BRT investment in Bogota, Colombia is estimated to have reduced 93 percent of 
traffic fatalities and 40 percent of local air pollutants in addition to a reduction of 14.6 
million metric tons carbon-di-oxide (CO2) emissions during the first 30 years of its 
operation (Lee 2003). Furthermore, in the USA it is estimated that an average motor 
vehicle trip per passenger kilometre of travel generates about double the amount of 
CO2 emissions as produced by commuter-rail (ABA 2007).  
Decisions on transport investments and transport policies are also closely 
associated with policies on land use and urban planning. For example, compact urban 
planning is observed to improve the environment by reducing urban sprawl and 
thereby transport emissions - such as, the multi-city empirical study by Lyons et al. 
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2003, based on 84 cities selected from various countries. This finding is supported by 
another ex post evaluation study conducted on a 30 year old development in the 
Netherlands (Geurs and van Wee 2006). This study concluded that compact urban 
development policies reduced a range of externalities like urban sprawl, car use, 
emissions, and noise levels. 
In addition, active transportation has been promoted as an alternative policy 
measure to private driving, as it is found to be associated with substantial health 
benefits through increased physical activity (Garrard 2009, NSW PCAL 
2011, Hitchcock & Vedrenne 2014, Mueller et al. 2015). Active transportation 
includes travel by foot, bicycle and other non-motorised means (e.g. foot-powered 
scooters) and travel by foot within a trip chain for public transport users. A study 
showed that policies encouraging the use of both energy efficient motor vehicles and 
increased active transport would almost double the impact on greenhouse gas 
emissions, while curbing adverse health effects by increasing physical activity (Giles-
Corti et al. 2010).   
Another study by New South Wales (NSW) Premier’s Council Of Active 
Living (PCAL) proposed a Walking Strategy for encouraging active travel based on a 
methodology for health benefits that incorporated measures of morbidity as well as 
mortality and estimated a consequent set of parameters that can be applied in cost–
benefit analyses (NSW PCAL 2010). This methodology and associated parameters 
were developed by a study to estimate the economic benefits of shift from short car 
trips to walking (PwC 2010). Applying the methodology of this paper, health benefits 
of a 1% annual switch to walking were estimated at $134 million and $214 million 
over five and ten years respectively (PwC 2011). In contrast, a systematic review of 24 
studies from 12 countries found very little robust evidence of the effectiveness of 
 Chapter 2: Literature Review: Health Impacts of Transport 34 
active transport interventions for reducing obesity, despite active transportation having 
a positive impact on health outcomes (Saunders et al. 2013). 
However, a study commissioned by the Queensland Government in 2011 
estimated economic benefits for a typical off-road path in an inner urban area and 
found that for every 1000 pedestrians per day, economic benefits of around $7 million 
were generated per kilometre of walking path, and for every 1000 cyclists per day the 
benefits were around $15 million per kilometre of cycling path (DIRD 2013). 
Similarly, another study suggested a framework and parameter values to capture these 
health benefits for the Australian population with a weighted benefit of $1.68 per km 
(range $1.23–$2.50) for walking and a $1.12 per km (range $0.82–$1.67) for cycling 
that included both mortality and morbidity health effects generated by physical activity 
(Mulley et al. 2013). In practice though, health costs and/or health benefits of major 
transport investments are not directly measured for the Australian economy, in spite of 
having estimates on various externalities of transport investments and policies, which 
include health costs implicitly (traffic accidents, emissions, car use, noise pollution, 
urban sprawl etc.). 
Despite having demonstrated health benefits, active transportation that supports 
walkability can also result in higher levels of air pollution exposure for the people 
living or working in busy urban settings. Similarly, transport measures lowering air 
pollution levels may not support active transportation. Thus, a given set of transport 
strategies aimed at reducing adverse health effects can actually generate conflicting 
health outcomes. To address this issue, transport strategy induced health benefits 
should be estimated for the target population as a whole considering existing 
population health status and factors influencing population health, where net health 
gain from a given set of transport improvements can be derived. 
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The lack of (or limited) attention to estimating health impacts of transport 
investment strategies and transport policies is likely to be influenced by a range of 
issues on methods of measuring and valuing population health effects, which are:  
 qualitative vs quantitative methods;  
 analysis at the macro (group) or micro (individual) level; and  
 synergy with other assessment approaches to health effects. 
The following three sub-sections briefly discuss each of these three methodology 
issues. 
2.3.1 Quantitative versus Qualitative Methods 
  In the estimation of health impacts of transport, most studies have adopted 
quantitative methods over qualitative approaches (Schiefelbusch 2010), as decision 
makers are generally more interested in knowing the costs and benefits in terms of 
dollar values. However, health impacts are not always measurable in terms of 
monetary units, as individual health status is often ranked by the researchers in 
primary health surveys, instead of assigning any dollar values – for example, mental 
health (pain, grief, satisfaction etc.) contributing to individual’s income or labour 
productivity. In addition, there exists an issue regarding the monetary valuation of 
social impacts in particular – visual impacts of roads and traffic, community 
perceptions on access to transport and value of life, individual’s locational preference 
for jobs, education or recreations.  
All of these factors are important elements of health impacts investigations, 
but are in reality “less tangible aspects that cannot be expressed in quantitative 
terms” (page 145, Wright and Curtis 2002).  
In order to take account of these tangible health effects of transport, experts 
suggest qualitative analysis comprising of discussion with focus groups and in-depth 
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interviews (Bayley et al. 2004). In contrast, for the assessments and valuation of 
other important health impacts of transport - air pollution, noise exposure and 
accidents – epidemiological and socio-economic databases exist, which facilitate 
detail quantitative analysis. 
2.3.2 Suitability of Macro or Micro Level Analysis 
Researchers face a big question regarding the level of analysis when health 
impacts of transportation are quantified and valued in dollar terms. The debate is 
whether the valuation of the identified health impact(s) should be for a group (macro 
- nation or community) or for a representative individual (micro). For example, 
studies have noted the popularity and suitability of neighbourhood surveys in the 
evaluation of the social effects of transportation projects (Forkenbrock et al. 2001).  
The neighbourhood surveys are recognised as particularly useful for including social 
impacts relating to community cohesion and forced relocation. However, other 
researchers find these surveys useful only for identifying a certain type of social 
impacts, such as trip diversion and delay, and road safety (James et al. 2005).  
Another debate exists over the transferability of the health impacts results 
between neighbourhoods of different geographical sizes. That is, whether robust 
results derived for health impacts assessments in larger geographical areas can be 
applied to smaller areas, which essentially indicates a high possibility of bias in 
impact analysis findings for smaller areas.  This is an important issue for estimating 
health impacts in local areas. However, current practice supports using scenario 
planning to incorporate health impacts locally (Nguyen et al. 2014, Low Choy et al. 
2012, Bierbooms et al. 2011, NSW-DEC 2006). Under uncertainty, scenario 
planning is used as a tool, where the process of constructing scenarios assists 
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researchers to analyse across sectors and stakeholders to incorporate available 
knowledge into a local health impacts analysis.  
However, from a policy point of view, health impacts valuation at a macro 
level is more useful as public policies are always targeted at a population group, 
industry or region. Moreover, transport policy formulation and implementation and 
decision-making on major transport investments are very expensive in terms of both 
time value and resource values, with significant implications to the public fund. 
Therefore, for the effective use of the public fund, it is imperative that policy makers 
consider health costs of any major transport investments and transport policy at a 
macro level, which could reflect the potential health benefits of the overall target 
group. For example, some transport externalities (air pollution, noise exposure, 
traffic accidents, greenhouse gas emissions, physical inactivity) have wide-ranging 
impacts on particular population groups or communities, as the nature and extent of 
health impacts differ across these groups. For example, estimates of health 
inequalities across 932 local regions in Australia showed the existence of a wide 
population health gaps for a range of chronic health conditions (see section 6.3, 
Figures 6.6 and 6.7). 
2.3.3 Synergy with Other Approaches 
The literature review revealed that social and other impacts associated with 
transport (such as environmental, health and economic) have often overlapped  
(Parkhurst and Shergold 2009), leading to a set of concerns regarding the use of 
methodological approaches in valuing these impacts (Marcovich and Lucas 2011). 
For example, the Health Impact Assessment (HIA) has emerged as a new approach 
with the in-built flexibility of integrating different methodologies in evaluating 
transport infrastructure and policies (Gorman et al. 2003, McCarthy et al. 2010, 
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Mindell et al. 2004, Thomson et al. 2008). However, some researchers have noted 
multiple variations of this HIA approach in practice with a concern that HIAs may 
simply be ‘repackaging’ social impact and other forms of assessment in a ‘health 
wrapping’ (Forsyth et al. 2010).  
Another set of approaches have focused on the monetary valuation of the 
social impacts of transport programs or externalities (Monzón and Guerrero 2004, 
BTRE 2005, Preston and Wall 2008, BTRE 2009). Here, social impacts are 
considered to be a ‘social cost’, and assessed like other monetary costs associated 
with transport projects or programs. 
However, monetary valuation approaches can be incorporated into the HIA 
approach to derive the health costs of not only transport related health effects, but 
also the health costs of other non-health policies in the area of social welfare, 
housing, urban planning, community development or support programs. This wider 
adaptability and flexibility of the HIA approach has been utilised in the current thesis 
to develop an economic approach for estimating health impacts of major transport 
investments and transport policy in Australia. 
2.4  EVIDENCE ON HEALTH COSTS OF TRANSPORT 
As pointed out in the previous section, the transport network is a crucial 
element of modern economy as it facilitates trade and business activities through the 
movement of goods and services and the workforce. It also plays a key role in 
connecting people to their workplace, education, health care, leisure activities, 
communities and social destinations. These positive attributes of the transportation 
have made it one of the ten key determinants of health (WHO 2010), as it strongly 
supports both the economy and economic agents. However, increased mobility also 
generates pollutants that cause respiratory disease caused by traffic congestion and 
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emissions, or results in traffic-related injuries and deaths. Individual health becomes 
adversely affected by the frequency and destination of travel and travel modes (Dora 
1999). The large body of existing research has provided evidence on the potential 
health impacts of transportation and transportation related issues, such as traffic 
injuries and fatalities, air pollution, noise pollution, physical activity and other 
damages (WHO 2008, NSW 2010).  
A vast amount of research literature also exists on the valuation of transport 
externalities and a review of the literature is available in a number of studies (VTPI 
2013, Timilsani and Dulal 2010, Austroads 2003 and 2004, Watkiss 2002, Pratt 2002, 
Litman 2000, Delucchi and Shi-Ling 1996). However, the literature on the monetary 
valuation of these health effects is still growing, as health costs of non-health policies 
are increasingly gaining importance and researchers are exploring a range of 
estimation methodologies. In economic analysis, these health impacts are considered 
to be transport externalities because groups of people who are not direct users of the 
transport system (the society/community living in a busy traffic area - nearby a 
marketplace or a main road) are affected by the negative transport impacts. 
Specifically, Rizzi and Ortuzar (2003) defined an externality in economics terms as 
(page 9): 
‘….any action taken by an economic agent that has an impact on the utility or 
on the production function of one or more third agents without incorporating the 
economics effects of those impacts in his/her private accounting’. 
The cost of these transport externalities are estimated for different regions in 
the world, though the estimated values have differed across regions and countries 
(such as, ADB 2002; World Bank 2002; Deng 2006; Jakob, Craig, and Fisher 2006; 
ADB and ASEAN 2007). The difference has been attributed to varying levels of 
 Chapter 2: Literature Review: Health Impacts of Transport 40 
externalities, methods of estimation and underlying assumptions. This issue is 
discussed in detail in sections 2.6 and 2.9. 
A recent review on external costs of transport produced in the IMPACT study 
(EC 2014) has identified several transport induced health costs to present the best 
practice on external cost estimation, which are total external costs arising out of: 
 congestion;  
 accidents;  
 noise;  
 air pollution; and 
 climate change. 
This review is an update of an earlier study on EU countries transport external 
costs estimation (Maibach et al. 2008) published as an output of the IMPACT study. 
The 2014 update was based on new research and as evidence has emerged on transport 
costs estimation since then, the infrastructure costs category has consequently been 
included. In addition, the update covered information on the existing taxes and charges 
in the external costs estimation. However, the most important fact remained 
unchanged in both versions; that road transport has been responsible for the majority 
of external costs overtime (Figure 2.1). 
Figure 2.1 presents the findings from a detailed transport cost analysis of 17 
European Union (EU) countries conducted in 2008 (Deflt CE 2011). The study found 
accidents and emissions (climate change, air pollution and upstream) to be the main 
contributors, accounting for approximately 92%, in total transport costs (excluding 
marine transport mode and congestion costs). In fact, the same study revealed that road 
transport modes accounted for the largest share (93%) of the total external costs of 27 
European Union countries in 2008 (Figure 2.2). The total annual external costs of  
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Figure 2.1: Share of different transport cost categories on total external costs  
                    in 2008 for EU-27* (excluding congestion) 
 
Source: Chart 3, page 11, External Costs of Transport in Europe Update Study for 2008 
Delft, CE Delft, September 2011 
 
Figure 2.2: Share of the different transport modes on total external costs 2008  
         for EU-27* (excluding congestion) 
 
 
* Data include the EU-27 with the exemption of Malta and Cyprus, but including 
Norway and Switzerland. Data do not include congestion costs. 
 
Source: Chart 4, page 12, External Costs of Transport in European Union, Update Study for 
2008 Delft, CE Delft, September 2011 
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transport in these 27 EU countries was estimated to be over € 500 billion, or 4% of 
the national gross domestic product (GDP) per year.  
The major part of this external cost was contributed by passenger transport 
(around 77%), while the rest (23%) was due to freight transport. In addition, this 
study estimated the annual congestion cost of road transport to range between € 146 
and 243 billion (delay costs), which is 1% to 2% of the GDP of these EU countries. 
Outside of the road transport modes, this study found aviation had the largest share in 
external costs with about 5% of the total costs, while rail transport accounted for less 
than 2% and inland shipping for only 0.3%.  
Air pollution (in terms of local and global pollution), traffic congestion and 
accidents were reported to be the major environmental and health concerns regarding 
vehicular transport costs to the society in another review study conducted for selected 
cities in East Asia (Timilsina and Dulal 2010). According to the study, the transport 
cost of a single air pollutant could range from about 1 to 3 percent of national gross 
domestic product (GDP) in developing East Asian countries. Regarding traffic 
congestion, the review study found that the transport induced cost estimates in the East 
Asian cities (Bangkok, KualaLumpur, Jakarta, and Manila) ranged from around 2 to 
0.7 percent of GDP in 1996 (ESCAP 2007). In the case of traffic accident costs, the 
estimates amounted to 2 to 3 percent of the national GDP in South East Asian 
countries during the 2001–03 period; though the cost estimates were found to be 
considerably less, about 0.5 and 1.2 percent of GDP for Singapore and Brunei 
respectively (ADB and ASEAN 2007). 
However, compared to developing countries, air pollution and congestion costs 
of cities in developed industrialised countries appeared to be relatively less due to 
stringent air pollution-control policies, traffic laws and vehicle standard laws. For 
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example, the cost of local air pollution from road transportation in Auckland 
(NewZealand) in 2001 was estimated at over NZ$ 58 million, or 0.2 percent of the 
region’s GDP (Jakob et al. 2006). In addition, total congestion cost estimates in the 68 
major cities in the United States amounted to about $78 billion, or 0.8 percent of the 
national GDP) in 1999 (Schrank and Lomax 2005).  
In contrast, traffic accident costs were observed to be more in high income 
developed countries in comparison to low income developing countries, though the 
cost estimates for different countries varied depending on the monetary values 
assigned to medical expenses, lost productivity and loss of life. For example, while 
accident costs accounted for 4.6 percent of the GDP in 1994 in the United States, it 
accounted for only 0.3 percent of the GDP in 1998 in Vietnam (Mohan 2002). The 
higher estimates of accident costs for developed countries are predominantly driven by 
the higher values of cost of life, productivity and health care costs. As monetary values 
assigned to a person’s life lost in an accident are much higher than the value of time 
lost to traffic congestion in high income countries, the external cost estimates of traffic 
accidents usually turn out to be more than that of traffic congestion. For example, 
traffic accident costs in the USA amounted to about $164 billion in 2006 compared to 
the congestion costs estimate of $67.6 billion (Cambridge Systematics 2008). 
2.5 HEALTH COSTS OF TRANSPORT IN AUSTRALIA 
The Bureau of Infrastructure, Transport and Regional Economics (BITRE), a 
Federal Government research agency in Australia, has conducted a range of studies 
to estimate transport externalities containing health costs. However, outside BITRE 
studies, the available literature on health cost estimates of transport is substantially 
limited in Australia, though the transport externalities and the importance of its 
valuation are well recognised in both transportation research and policy decisions 
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(Ministry of Transport 1996, WALGA 2006). For policy purpose, ATC (2004) and 
AustRoads (2004) provided some indicative unit costs to convert some externalities, 
such as vehicle emissions, into monetised values. However, the use of such values is 
highly qualified as unit costs are not very conducive to deriving useful monetary 
environmental impacts values - some of these effects have local, regional and global 
effects, as well as short and long-term effects (e.g. air pollution with its impact on 
local residents and on global warming). Moreover, monetary estimates of such 
effects are subject to a wide range of uncertainties for each impact dependent on the 
estimation approach and the specific locational conditions.  
A study by Tsolakis and Houghton (2003) estimated unit costs of health 
effects generated by transportation in Australia, using the Benefit Transfer method, 
calibrated from the studies like European Infras/IWW (2000)
1
 and ExternE
2
 and 
European Commission (1999). These estimates are presented in Table 2.  
Table 2.2: Calibrated Values of Transport Externality Unit Cost in 2001 AUS $ 
  A $ / 1,000 passenger km A $ / 1,000 vkt A $ / 1,000 tkm 
Air Pollution 
(human health 
effects) 
Vehicle Car Motor 
cycle 
Bus Car Bus LDV HDV 
Calibrated* 19 6 22 21 270 100 22 
Estimated** 19 6 22 21 270 100 22 
Climate Change         
Calibrated* 47 30 30 60 355 150 16 
Estimated** 13 8 8 17 100 42 4 
Source: Tsolakis and Houghton (2003) 
 
Notes:  
* The ‘calibrated’ values are based on the Infras/IWW climate change abatement cost of €135 per tonne CO2   
  (which is based on a 50% emissions reduction target). 
** The ‘estimated’ values are based on an EU abatement cost of €38 per tonne CO2 (which is based on the  
  Kyoto Protocol emissions reduction target of 8%). 
  Air pollution, noise and urban separation costs are mostly relevant to urban areas. 
 
 
However, the values in Table 2.2 are calculated using the health cost 
estimates derived for Australian conditions by Watkiss (2002), presented in Table 
                                                 
 
1  Infras/IWW (2000) provides estimates of climate change avoidance costs. It is based on a specific emission 
reduction target and calculates a marginal avoidance cost to reach the specified target. 
2  The ExternE methodology is based on the ‘impact pathway’ approach, which produces estimates of damage 
costs. 
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2.3. The separate unit health cost estimates vary according to population densities 
(Bands 1 to 4), CSIRO, BTRE, ABARE (2003).  
 
Table 2.3: Assumed Unit Health Costs for Pollutant Emissions in 2003  
(AUS $ per Tonne of Pollutant)  
 
Emission Band 1 Band 2 Band 3 Band 4 
NOx 1,750 1,750 260 0 
CO 3 0.8 0.8 0 
NMVOCs 850 880 180 0 
SOx 11,380 4,380 2,800 50 
PM 341,650 93,180 93,180 1,240 
Band 1 = Inner areas of larger capital cities (Sydney, Melbourne, Brisbane, Adelaide and Perth). 
Band 2 = Outer areas of large capital cities. 
Band 3 = Other urban areas, including other capital cites (Canberra, Hobart and Darwin) and other urban areas.  
Band 4 = Non-urban areas.  
 
Source: CSIRO, BTRE, and ABARE (2003) after Watkiss (2002) 
 
Since 1990s, a number of BITRE studies have attempted to estimate the costs 
and benefits of major transport externalities for Australia in detail – traffic accidents, 
congestion and air pollution – using different approaches and methodology. The cost 
of these externalities included health costs through economic valuation of traffic 
mortality and morbidity costs computed for traffic accidents, emissions and 
congestion. For example, using a disaggregated network model, the then Bureau of 
Transport & Communications Economics (BTCE) found that the potential benefit to 
Australia of controlling congestion would be about $3 billion per year (BTCE 1996) 
in terms of time costs saved and better health (physical and mental) status.  
The first comprehensive costing of transport externalities was probably 
conducted by the then Bureau of Transport Economics (BTE), which estimated the 
external costs of transport (including the costs of accidents, congestion, pollution and 
noise) for a notional representative inter-city route for rail and road (BTE 1999, 
Appendix III). The total value of these external cost estimates for rail and road modes 
at 1997–98 prices covered, correspondingly, 1 per cent and 7 per cent of the door-to-
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door full container load cost (4.82 cents and 5.53 cents per net tonne-kilometres 
respectively). The largest component of these estimated costs was accident costs. 
The Bureau of Infrastructure & Regional Economics (BITRE) estimated the 
social cost of road crashes in Australia at $17.85 billion in 2006, or, 1.7 per cent of the 
national gross domestic product (GDP). Out of the total, fatal crashes cost an estimated 
$3.87 billion, injury crashes an estimated $9.61 billion and property damage crashes 
an estimated $4.36 billion (BITRE 2009). The cost estimates for 2006, as compared to 
the Bureau’s 1996 estimates (BTE 2000), showed a real decrease of 7.5 per cent. This 
cost reduction was largely driven by factors such as reduced numbers of road fatalities 
(due to effective safety and infrastructure programs, and better vehicle technology), 
changes to the 1996 disability costing methodology (to exclude double counting), 
improvements to the estimation of travel time delays and  reduced legal costs since 
1996.  
BITRE 2009 methodology was an improvement over its earlier cost analysis 
conducted for 1996 traffic accident costs (BTE 2000) and included two additional 
health costs and two expenditures, which were not estimated earlier:  
 health costs of additional local air pollution;  
 a (non-pecuniary) value for pain, grief and suffering for friends;  
 relative higher vehicle operating costs for vehicles due to crash-induced 
congestion; and 
 workplace and household losses due to imprisonment for culpable 
 driving causing death. 
These additional four costs added approximately 1 per cent to the estimated 
total cost of accidents in 2006. This study estimated traffic crash costs for capital 
cities, other urban areas and rural areas in Australia, where accidents in capital cities 
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were responsible for more than 53 per cent of 2006 road crash costs, with a further 
20.5 per cent for crashes in other urban areas. Rural crashes accounted for a little 
above 26 per cent of total crash costs in 2006, though rural areas accounted for over 
half (50.8 per cent) of fatal crash costs. 
The external costs of transport congestion were estimated separately as the 
‘avoidable’ cost of congestion for the Australian capitals (BTRE 2007). This cost was 
defined as where the benefits to road users of some travel in congested conditions 
were less than the costs imposed on other road users and the wider community – it was 
calculated from the deadweight losses associated with current congestion levels across 
the Australian capitals. Using an aggregate modelling approach, the total congestion 
cost for Australia in 2005 was estimated at about $9.4 billion and comprised of private 
time costs of $3.5 billion, business time costs of $3.6 billion, extra vehicle operating 
costs of $1.2 billion, and $1.1 billion in additional air pollution costs. The total social 
cost excluded costs related to the implementation of any congestion alleviation 
measures. The study also reported the projected congestion costs in 2020 using the 
base case scenario for future traffic volumes. The BTRE projection showed the 
avoidable social costs of congestion more than doubling over the 15 years between 
2005 and 2020, amounting to $20.4 billion. Of this total, air pollution damage cost was 
forecast to be around $1.5 billion. 
Table 2.4: Summary of external costs: cents per net tonne kilometre 
 
Source: Table 11, McAuley 2010 
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Freight transport is crucial in the Australian economy for inter-state and 
international trade and commerce activities. A staff paper from BITRE estimated 
external costs (including health costs) not paid by freight operators, but primarily 
associated with accidents, pollution (greenhouse emissions and noxious emissions 
including ozone and more local pollutants), noise, and congestion (McAuley 2010). 
The study calculated the external costs of road and rail freight for four busy inter-
capital city corridors: Sydney-Melbourne; Sydney-Brisbane; Melbourne-Brisbane; and 
Melbourne-Perth (Table 2.4). The cost estimates were based on existing estimates for 
each externality adopted from other studies, and by applying these estimates to the 
specific four freight routes mentioned above, while considering road conditions, 
vehicle characteristics, and population densities along the routes.  
The study suggested that inter-capital road freight had much lower external 
costs compared to other road freight and accidents were the most significant external 
cost of road freight on most corridors, followed by greenhouse emissions, noxious 
emissions, and congestion. Out of the four corridors, the Sydney-Melbourne corridor 
was found to have lowest accidents. In addition, the external costs of congestion and 
noxious pollution were indicated to be lower on inter-capital routes than the national 
average due to the non-urban nature of inter-capital routes and the usage of bypasses. 
For rail freight, the study found greenhouse gas emission costs to be higher than all 
other costs; though noise costs appeared to be more for rail than for road on all but the 
Melbourne-Perth corridor, despite the actual noise per unit of freight being assumed to 
be lower for rail than for road. This is explained by railways relative proximity to 
residential areas (relatively dense suburbs in Melbourne and Adelaide) leading to 
larger exposure to air and noise pollution, while inter-capital highways are connected 
to major urban areas mainly through bypasses. Overall, the study suggested that when 
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external costs (including health costs) were considered, road freight in Australia was 
marginally under-priced, relative to rail freight. BTRE also estimated in detail the 
annual health costs of transport emissions for eight (8) Australian capital cities and the 
nation for the year 2000 (BTRE 2005). 
2.6 VALUATION METHODOLOGY FOR TRANSPORT 
EXTERNALITIES 
The emergence of a large body of literature in last two decades on valuing 
transport externalities has shown various methodologies in use for valuation. Blum 
(1998) has reviewed main valuation approaches, as shown in Table 2.5. Data for 
revealed preference (RP) and stated preference (SP) methods are generally collected 
from attitudinal surveys. The final objective is usually to design appropriate 
valuation techniques to derive willingness to pay (WTP) measures for reducing each 
of the externalities. 
Table 2.5: Externality Valuation Approach 
Approach Methodology 
Resource Valuation 
(Damage Cost Approach) 
By the corresponding resource price (e.g. Prices for damage  
or repair) 
Avoidance Valuation (Avoidance 
Cost Approach) 
By the possibility of substituting the resource for one  
without the externality impact 
Risk Approach 
 
By the discounted expected monetary value based on 
an evaluation of risk 
Contingent Valuation 
(Utility Approach) 
By the willingness to pay in order to reduce negative effects*.  
* Stated preference surveys are usually undertaken to derive values which reflect how much individuals are 
willing to pay to benefit from or to avoid an impact. This method is used for air and noise pollution valuations. 
Source: Blum (1998) 
 
In fact, NSW EPA (1995) and Tsolakis and Houghton (2003) classified the 
methodologies to value the external costs of transport into three categories (Table 
2.6). In general, tangible costs such as medical treatment costs are assessed using 
market-based methods. Intangible costs, such as loss of quality of life or pain and 
suffering, are better assessed by opinion-based techniques.  
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Table 2.6: Methodologies to Value the External Costs of Transport 
Approach Methodology 
Market Based By costs and prices from conventional markets 
Damage Costs: The actual costs of damages or of  
repairing  the damage 
Avoidance Costs: The cost of preventing the damage 
Surrogate  
Market Based 
By proxies such as changes in property values (hedonic pricing) in areas 
 of high traffic noise or extreme air pollution  
Opinion Based 
 
By responses to surveys or expert opinions (willingness to pay for  
an environmental gain or for acceptance of an environmental loss)  
by a range of stated preference techniques. 
    Sources: NSW EPA (1995) and Tsolakis and Houghton (2003) 
 
In the absence of local data, Marquez et al. (2004) suggested benefit transfer 
methodologies to use data from another time and/or place and recalibrate it for local 
conditions. This method includes several external cost measures for evaluation, as 
shown in Table 2.7. 
Table 2.7: External Cost Measure and Its Definition and Use 
Measure Definition and Use 
Total external costs All externalities in a specified place over a specified 
period  
Average external costs (per traffic unit) Comparison between situation or modes 
Average external costs (per ton-km unit) Comparison between freight alternatives 
Marginal external costs  Costs of adding one extra unit to the traffic being 
evaluated 
Short run marginal costs Consider just the additional variable cost of operation 
Long run marginal costs Also include fixed costs of running, or the costs over 
the extended system 
 Source: Marquez et al. 2004 
 
Average costs often serve as a proxy for marginal costs where the cost of 
each extra unit of supply is not known. The choice of methodology depends on type, 
availability, quality plus scope and scale of data. Top down approaches are used to 
allocate aggregate costs and are particularly useful when comparing impacts in 
different places, as they give a consistent method. In contrast, bottom up analysis of 
detailed data is best for in-depth analysis of impacts in specific areas (Marquez et al.  
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2004). In fact, the monetary valuation of transport related health impacts (mainly 
premature mortality and respiratory morbidity) has become an important tool to 
guide policy decisions in transport and land use policies in the last decade (Mellin & 
Nerhagen 2011, BTRE 2005). The estimated dollar value of health impacts provides 
useful information to policy makers on the impacts (both size and extent) of the 
proposed (or potential) intervention on public health. 
 
PART II 
 
2.7 TRANSPORT EMISSIONS AND AIR POLLUTION 
During the 1990s, transport atmospheric emissions increased across the 
globe, particularly in the urban sector, driven by growth in traffic volume and 
increased vehicle-passenger ratios (Sirikijpanichkul et al. 2006). In Australia, the 
share of public transport in urban areas accounted for less than 10 per cent of urban 
trips (Cox 2000), coupled with a very low rate of vehicle occupancy - the average 
vehicle occupancy rate was around 1.1 persons implying higher emissions for a given 
level of passenger kilometres travelled (Sirikijpanichkul et al. 2006). 
The concern is that the traffic growth is expected to continue in future. 
International Transport Forum’s forecasts for 2050 indicate that global passenger 
transport flows are expected to grow strongly throughout, up to 2.5 times as large as 
in 2010, fuelled by higher national income (GDP) and population growth (OECD 
2012). The 2050 OECD population is forecast to be 14 per cent higher than the 2010 
population level and the non-OECD population is expected to grow by 39 per cent. 
Globally, freight transport in 2050 is anticipated a growth of 50 per cent to 130 per 
cent. Though average car use per capita within OECD is likely to decline in 2050 
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from its 2010 level, while mobility growth will be constrained, higher car ownership 
and larger populations will add to higher mobility in 2050 as population growth 
generates more demand for mobility. In fact, global mobility network in 2050 is 
expected to meet the demands of 9 billion strong populations, as compared to 6.5 
billion people in 2010. Consequently, in spite of increasing energy efficiency and a 
range of emission abatement measures in place, CO2 emissions are expected to grow 
by more than double of 2010 level, driven by sheer growth in demand. 
Being one of the most urbanised countries in the world, Australia has about 
89 per cent of its population (as of 2011 Census) living in urban areas, which uses 
the existing transport network extensively. The population in Australia is projected to 
grow more, reaching 30 million by 2030 depicting a more diverse demographic 
profile and spatial distribution as compared to the present (DIRD 2014). The 
population growth is anticipated to happen in and around the cities more, increasing 
Australia’s urbanisation to over 90 per cent (SOAC 2015). The urbanisation trend is 
expected to continue in regional Australia as well. Consequently, the aggregate 
metropolitan traffic in terms of passenger car equivalents (PCU) is projected to grow 
significantly from the estimated 2015 levels of about 152.5 billion PCU-kilometres 
to 200 PCU-kilometres annually by 2030, driven by population growth through 
overseas migration (BITRE 2015). The projected PCU-km growth between 2015 and 
2030 is very high for all eight capital cities: about 37 per cent for Sydney, 42 per cent 
for Melbourne, 50 per cent for Brisbane, 30 per cent for Adelaide, 57 per cent for 
Perth, 25 per cent for Hobart, 40 per cent for Darwin and 35 per cent for Canberra 
(BITRE 2015). 
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These forecasts, in turn, suggest significantly increased transport emissions 
and hence, related health effects of air pollution. In fact, domestic transport 
emissions in Australia are expected to increase by an average of 1.3 per cent per 
annum continuously through to 2030. Emissions from passenger cars are forecast to 
be the most dominant contributor (around 47 per cent of all domestic transport 
emissions) to 2020, in spite of reduced emissions per kilometre travelled driven by 
energy efficient technology (DIRD, 2014).  
Within the transport modes, it is observed that motor vehicles are the major 
emitters of air pollutants in urban areas. For example, 93 per cent of transport 
emissions were generated by motor vehicles on the road in 27 European Union 
countries in 2008 (Delft CA 2011), while in Australia, motor vehicles contributed 
more than 75 per cent of the carbon monoxide emissions and most of the oxides of 
nitrogen and organic compounds (EA 2001, BTRE 2002). It was observed that water 
transport (shipping) accounted for around 1.1 per cent of transport emissions in 
2001-2002, while air transport and rail transport both contributed to only 0.3 per cent 
in the Australian transport scenario (BTRE 2005). For the same year, road transport 
was found to emit about 94.4 per cent of transport emissions in Australia. 
2.8 HEALTH IMPACTS OF TRANSPORT INDUCED AIR POLLUTION 
Transport emissions are the major source of air pollution in urban areas. 
Extensive research on the health effects of air pollution has been carried out in 
different parts of the world characterised by differing air quality, different pollutant 
mixes and levels, climate, available civic amenities and differing socioeconomic 
status of the population. In fact, air pollution has been identified as the worst global 
health risk (UNEP 2014). UNEP Year Book 2014 states (page 43): 
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“The cost of air pollution to the world’s most advanced economies plus India 
and China is estimated to be US$3.5 trillion per year in lives lost and ill health. In 
OECD countries the monetary impact of death and illness due to outdoor air 
pollution in 2010 is estimated to have been US$1.7 trillion.” 
Recent research has established a strong association between serious public 
health effects (premature mortality as well as morbidity) and air pollution due to 
transport emissions (World Bank 2014, Mahendra et al. 2014, Yaduma et al. 2013, 
CAHA 2013, Sen et al. 2010, BTRE 2005, Rosenberger and Loomis 2003, Pope et 
al. 2002, Kunzli et al. 1999). Since transport emissions generate and add to air 
pollution, quantification of the health effects of transport induced air pollution 
remained an important research focus in 1990s (COMEP 1998, WHO 1999, Watkis 
2002, PEP-WHO 2005). Emissions produced by vehicles and related sources have a 
variety of effects on human health, varying from eye irritation and nausea to chronic 
lung diseases, cancer, or heart failure (Marquez et al. 2004). Table 2.8 summarises 
the effects of air pollutants and the populations at risk.  
For the quantitative assessment of health effects, WHO (2000) and other 
international studies suggested that PM10 or SO2 were useful indicators of the health 
risk of transport sources of ambient air pollution. Most studies conducted in the past 
two decades have used human health exposure to these air pollutants in 
epidemiological studies. Recent studies are generally attributing a higher cost to 
pollutant emissions and particularly PM emissions, than earlier studies. This may 
reflect more recent scientific research, which measures the longer-term rather than 
shorter-term impact of air pollutants on health, with a better understanding of the 
mechanisms of effects (WHO 2008, Amoako et al. 2003, Fisher et al. 2002).     
   
 Chapter 2: Literature Review: Health Impacts of Transport 55 
Table 2.8: Health Effects of Air Pollutants and Populations at Risk 
Pollutant Quantified Health 
Effects
1 
Unquantified Health 
Effect
1
 
Other Possible 
Effect
1
 
Population at 
Risk2 
Sulfur 
Dioxide 
(SO2) 
Morbidity in 
exercising asthmatics: 
Changes in pulmonary 
function,  
Respiratory symptoms 
 Respiratory 
symptoms in non-
asthmatics, 
Hospital admissions 
Elderly people; 
sufferers of 
respiratory 
disease 
Nitrogen 
Oxides 
(NOx) 
Morbidity:  
Respiratory illness 
 
Increased airway 
responsiveness  
Decreased 
pulmonary function, 
Inflammation of the 
lung,  
Immunological 
changes 
Sufferers of 
respiratory 
disease, such as 
children with 
asthma 
Particulate 
Matter 
(PM) / 
TSP / 
Sulfates 
 
Mortality 
Morbidity: 
Chronic and acute 
bronchitis, 
Hospital admissions, 
Lower respiratory 
illness, 
Upper respiratory 
illness, 
Chest illness, 
Respiratory symptoms, 
Minor RADs, 
All RADs, 
Days of work loss, 
Moderate or worse 
asthma status, 
(asthmatics) 
Changes in pulmonary 
function  
Chronic respiratory 
diseases other than 
chronic bronchitis, 
Inflammation of the 
lung 
Elderly people 
with 
respiratory and 
cardiovascular 
diseases; 
people with 
respiratory 
diseases, such 
as children 
with asthma 
Lead 
 
 
 
 
 
Lead 
Mortality 
Morbidity: 
Hypertension, 
Nonfatal coronary 
heart disease, 
Nonfatal strokes, 
Intelligence quotient 
(IQ) loss effect on 
lifetime earnings, 
IQ loss effects on 
special education 
needs 
Health effects for other 
age ranges other than 
those studied,  
Neurobehavioral 
function, 
Other cardiovascular 
diseases, 
Reproductive effects, 
Fetal effects from 
maternal exposure, 
Delinquent and 
antisocial behavior in 
children 
 Children 
Ozone 
(O3) 
Mortality 
Morbidity: 
Respiratory symptoms, 
Minor RADs, 
Respiratory RADs, 
Hospital admissions, 
Asthma attacks, 
Changes in pulmonary 
function, 
Chronic sinusitis and  
hay fever 
Increased airway 
responsiveness 
to stimuli, 
Centroacinar fibrosis, 
Inflammation in the 
lung 
 
Immunologic 
changes,  
Chronic respiratory 
diseases, 
Extrapulmonary 
effects 
(changes in the 
structure or 
function of the 
organs) 
Elderly people; 
people with 
respiratory 
diseases 
Carbon 
Monoxide 
(CO) 
Morbidity: 
Hospital admissions, 
Congestive heart 
failure, 
Decreased time to 
onset of angina 
Behavioral effects, 
Other hospital 
admissions 
 
Other cardiovascular 
effects, 
Developmental 
effects 
People with 
ischemic heart 
conditions 
Sources:  1. Gwilliam and Kojima (2003); 2. AATSE (1997)  
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As can be seen from table 8, the identified health effects of transport emissions 
in terms of dominant air pollutants produced by vehicles transporting people, goods 
and services vary from mild to serious health conditions (Gwilliam and Kojima 2003, 
AATSE 1997). 
The health effects focussed in the available literature are premature mortality 
(death) and a range of morbidity outcomes including hospitalisation for 
cardiovascular or respiratory disease, emergency room and urgent care visits, asthma 
exacerbation, acute and chronic bronchitis, restrictions in activity, work loss, school 
absenteeism, respiratory symptoms, decreased lung function, etc. (OECD 2014 and 
2012, BTRE 2005, Ostro 2004, Kunzli 1999). 
However, very few studies explored the costs generated by disease burden 
from chronic and non-communicable diseases faced by the aging population in 
developed countries. In these high-income countries, heart disease, stroke, diabetes, 
dementia and cancer have added to the overall health costs for long. A WHO analysis 
of global cancer trends estimated health costs of 13 million new cancer cases at about 
US$286 billion in 2009. WHO expects the global incidence of cancer to grow 
substantially in future, mainly driven by the aging population. The annual number of 
new cancer cases is forecast to escalate to 27 million by 2030 (WHO 2011). The 
2011 WHO report observed that per capita expenditures on health care are relatively 
high among older age groups in developed countries, as the population over the age 
of 65 uses existing medical care services more than the other population groups, 
where health services offer acute care and institutional long-term care services 
extensively. Consequently, the increasing share of an aging population in the high 
income countries is pushing up the overall health care budget, in addition to factors 
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like rising household income and costly advances in the medical technology (Budget 
Paper 1, 2015-16, Australian Government). 
The point needs worth mentioning here is that a large share of health care 
spending, due to aging, actually incurs in the year or so before death. As advanced 
medical care in high income countries help more people living increasingly older 
ages outside the workforce, the societal cost of long life continues to rise. Therefore, 
governments and international organisations are currently emphasizing the need for 
cost-of-illness studies on age-related diseases, as it would assist policy makers in 
assessing the likely disease burden of the aging population and developing policy 
interventions to address this crucial issue. 
2.9 METHODOLOGY TO QUANTIFY HEALTH COSTS OF TRANSPORT 
EMISSIONS 
Quantifying health costs of transport emissions has gained importance in 
policy corridors around the world over the past decade, particularly in the high 
income industrialised countries. In spite of extensive research works on health cost 
estimates of transport generated air pollution, the methodology issue remains 
complex. The complexity is partly due to its budget implications (particularly tax and 
income implications) and partly due to other economic considerations. In addition, 
monetary values of health impacts involve considerable uncertainty caused by the 
assumption used by researchers and policy makers – pollutant’s threshold levels 
considered for health damages, existing health conditions of the population, etc. 
(BTRE 2005, NSW EPA 2013, OECD 2014). 
In most studies on valuation, the health endpoints assessed fall into two broad 
categories of health outcomes - mortality and morbidity. Mortality effects are those 
associated with changes in risk of premature mortality (death). Morbidity (illness) 
effects are associated with changes in the risk of health effects, which are acute and 
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chronic (cardiopulmonary and respiratory effects), and illnesses. For studies 
quantifying the health effects of air pollution, mortality is considered the better 
indicator and is therefore the most widely recommended health impact for cost 
estimation (COMEAP 2009).  
Nevertheless, both mortality and morbidity effects impose a range of direct 
costs (like payments for diagnosis and treatment) and indirect costs (lost 
productivity) on individuals and thereby on society. However, some costs are 
difficult to monetise - such as pain and suffering to individuals and their families. 
2.9.1 Approaches to Valuation of Morbidity 
 Air pollution affects human morbidity, and the valuation of illness and 
disability is very important in assessing the social costs and cost-benefit analysis of 
air quality control measures. For the calculation of morbidity health effects due to air 
pollution, major health conditions (exposure-response functions), based on the 
appropriate relative risk ratio, are recommended as follows (Lvovsky 1998): 
- respiratory hospital admissions (RHA),  
- cardiovascular hospital admissions (CHA),  
- Emergency Room visits (ERV);  
- chronic bronchitis (CB);  
- bed disability days (BDDs),  
- restricted activity days (RAD),  
- asthma attack (AAs),  
- acute respiratory symptoms (ARS), and  
- lower respiratory illness in children (LRI).  
However, compared to the mortality effects, fewer studies on air pollution 
induced health effects have focussed on exposure-response functions for morbidity. 
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Morbidity effects account for more than half of the overall burden of the health costs 
due to air pollution (Sirikijpanichkul et al. 2006). The largest portion of morbidity 
costs falls on new cases of chronic bronchitis, which, according to some studies, 
even exceed the economic costs of premature death due to air pollution (for example, 
US EPA 1997, Lvovsky 1998). 
A review of available studies suggests that approaches to value the health 
costs of morbidity cases can be classified into two broad groups (Mellin & Nerhagen 
2011, NSW 2005):  
 Cost of illness (COI) or direct costing approaches, also known as Human 
Capital (HC) approaches, which use available data from existing markets 
to estimate actual costs generated by an illness. 
 Willingness to pay (WTP) approaches, which use data collected from 
surveys on individuals’ willingness to pay to avoid specified health risks. 
In general, a COI estimate includes expenditures on diagnosis and treatment (drugs, 
hospital services). Studies have also included lost productivity costs (e.g. income loss 
due to hospitalisation) in the COI approach (BTRE 2005, NSW EPA 2013). 
However, the COI approach to morbidity costs does not take into account more 
intangible costs like the change in utility or personal wellbeing or feelings of pain 
and grief.  
 In contrast, the WTP approach includes a range of intangible cost 
components like pain and suffering, perceived quality of life and lost productivity 
(EU 2001, EnHealth 2003). This approach uses two methods:  
 stated preference methods, where WTP values are based on an individual’s 
stated or anticipated actions; and 
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 revealed preference methods, where WTP values are based on actual data 
from related markets, such as the real estate market reflecting the 
community’s WTP to avoid pollutant emissions, or the labour market 
providing an individual’s willingness to accept jobs with risks of injury or 
death. 
Table 2.9 is presented below to show the comparison between health cost 
estimates derived for selected health conditions using WTP and COI approaches.  
The higher values of WTP estimates over COI estimates observed in this 
table shows that cost of pain and suffering is valued significantly greater than the 
cost of treatment by the community, depending on the health effect and population 
under consideration (NSW 2005, USEPA 2000).  
Table 2.9: Comparison of WTP and COI estimates 
 
Source: Table 5.2.2, p. 34, NSW (2005) 
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2.9.2 Estimating Values for Premature Mortality 
Traditionally, the monetary values of premature mortality or the risk of 
mortality is based on the concept of value of statistical life (VOSL) estimated using 
WTP or COI approaches, which attempts to capture the trade-offs between wealth 
and risk (Lanoie et al. 1995, Viscusi et al. 1997, Chilton et al. 1999, Mrozel and 
Taylor 2002, Dionne and Lanoie 2002, Bellavance et al. 2007). WTP estimates the 
VOSL for a reduction in fatality risk in terms of the dollar value that individuals are 
prepared to pay to reduce risks to their lives. The concept of VOSL is used 
extensively in the valuation of economic losses associated with transport accident 
victims (USEPA 2004, BTRE 2000 and 2003, Sommer et al. 1999). Furthermore, a 
good number of studies have quantified the monetised cost associated with the effect 
of vehicle pollution incorporating VOSL approaches (OECD 2014 and 2012, Beer 
2002, AEA Technology 2002, Segal 1999). Appendix A provides a review of VOSL 
estimates in detail. 
In contrast, the COI or human capital approach seeks to measure the VOSL in 
terms of economic impacts through the loss of output or productivity of victims. 
Essentially, this method calculates and values the ‘years of life lost’ (YLL) due to 
mortality. The inclusion of lost quality of life is done in such a way that double 
counting is avoided (Rosen 1977, Sommer et al. 1999, BTRE 2000 and 2005). 
However, both the COI and WTP approaches are criticised for being 
imperfect in estimating the VOSL on the grounds of assumptions used (Bickel 2003, 
Johansson 2002). A review of the literature by a European expert group (ECMT 
2001) could not settle firmly on either method. A review by Trawen et al.(2002) 
found that the application of these two methods was fairly even, although there was a 
shift towards the willingness to pay approach due to relatively more sophisticated 
techniques being used.  
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In spite of existing criticisms, VOSL still remains a popular practice – for 
example, a recent OECD study estimated the mortality cost of air pollution related to 
motor vehicle emission using the VOSL method (OECD 2014). Some studies have 
used the VOSL approach while reducing the total VOSL by an acceptable 
percentage. For example, BTRE (2005) used a VOSL reduced by 30% to reflect the 
difference of age patterns between traffic accident fatalities and emission mortalities. 
Similarly, OECD recommended a set of VOSL values for both researchers and 
policy makers based on comprehensive research (OECD 2012, Biausque 2010, 
Braathen 2012, Hunt 2011, Hunt & Ferguson 2010) and a meta-analysis of VOSL 
studies (OECD, 2012) using 1095 values from 92 published studies (OECD 2014). 
For average adult VOSL, the recommended range for OECD countries is USD 1.5 
million – 4.5 million (in units of 2005 USD) and the recommended base value is 
USD 3 million. 
Another popular method to estimate the monetary values of premature 
mortality is to calculate a value that accounts for length of life in the case of 
premature mortality, known as the value of a life year (VOLY) approach. In this 
approach, the value that an individual or a group of individuals puts on a change in 
life expectancy (i.e. a gain or loss in life years) is measured. This approach was 
applied in the ExternE projects, where the estimate of VOSL was used to obtain an 
estimate of the VOLY using annuity calculations However, the VOLY approach was 
also criticised on the ground of its inability to capture the differentiation between 
valuing premature deaths for the young and that of old individuals (Mellin and 
Nerhagen 2011). This is particularly crucial in a policy situation where the policy 
maker often has to use the benefit estimates directly from other studies. 
Consequently, an update of the ExternE methodology (Bickel and Friedrich, 2005) 
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has recommended using median and mean estimates for both VOSL and VOLY 
based on a study by Alberini et al. (2004), regarding values to be used for premature 
mortality. 
Quality adjusted life years (QALYs) is another method used to assess the 
value placed by an individual or a community to a change (gain or loss) in life years. 
In this approach, the life expectancy of an individual is weighted with a perceived 
health status. A year of perfect health is worth 1 and a year of less than perfect health 
is worth less than 1, while death is considered to be equivalent to 0; however, some 
health states may be considered worse than death and have negative scores. The main 
advantage of the QALY approach is that it provides one combined measure of the 
benefits of a program that both extends life and maintains quality of life (NSW 
2005). An analysis conducted by the U.S. Environmental Protection Agency 
(USEPA) provides examples of the use of QALYs to assess the cost-effectiveness of 
air pollution regulations. (USEPA 2006). 
Both VOLY and QALY approaches, however, are reliant on a VOSL 
estimate. The debate on the valuation of saving lives initiated a number of review 
studies discussing these valuation methods - for example, Remoundou & Koundouri 
2009, Andersson & Treich 2008, Nerhagen et al. 2005 and Bickel & Friedrich 2005.  
Table 2.10 presents a summary of the valuation methods used to estimate the 
morbidity and mortality costs discussed in this section - WTP, COI, VOSL, VOLY 
and QALY. This table summarises the strengths and weaknesses of a range of 
valuation methodologies used in assessing health costs arising out of transport 
emissions. In general, WTP estimates are observed to be preferred by the studies 
reviewed, for the valuation of both mortality and morbidity effects. The popularity of 
the WTP approach is likely to be driven by the following factors: 
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• the ability to provide a direct estimate of impacts on individual welfare 
when individual health status changes; 
• better coverage of the range of health costs associated with air pollution. 
Table 2.10: A Summary of Valuation Methods Used  
 
Source: Table 5.1, page 32, NSW 2005 
 
2.9.3 Approaches to Quantifying Health Effects of Transport Emissions 
Approaches to quantifying health effects, as transport externalities, pose a 
major challenge for researchers. Some review studies on the valuation of health 
effects of air pollution (NSW EPA 2013, Sirikijpanichkul et al. 2006) found that air 
pollution health costs have been quantified in terms of damage to health in most of 
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the studies – examples are Brunekreef 1997, Kunzli et al.  2000, WHO 2000, Fisher 
et al. 2002, Coffey 2003, Watkiss 2002, Amoako and Lodh 2003, PEP (WHO 2005, 
2009, OECD 2003 and 2014). The New South Wales (NSW) State Department of 
Infrastructure, Transport, Regional Development and Local Government (DIT) 
reviewed health benefits as part of a Regulatory Impact Statement regarding the Euro 
5 and Euro 6 emissions standards for light-duty vehicles (DIT, 2010). The study used 
damage costs from a range of sources to predict the avoided health costs, with 
monetary values (in $/tonne) allocated to important pollutants (HC, NOx and PM10). 
In practice, studies on the quantification of transport emissions induced health 
effects have used different study designs, which are classified under six types: 
• Epidemiological studies; 
• Time series analysis; 
• Cohort studies; 
• Panel studies; 
• Chamber studies;  
• Meta-analysis.  
The review of the literature suggests that epidemiological studies, that establish dose-
response relationships linking environmental variables to observable health effects, 
formed a major part of the research on air quality and health in the 1990s. However, 
meta-analysis and chamber studies have recently become more popular. A review of 
study designs adopted by different research studies are summarised in Table 11.  
  A WHO working group (2000) examined methodological issues related to 
the Health Impact Assessment of air pollution. The group concluded that cohort 
studies provided the most complete estimates of both the number of deaths 
attributable to air pollution and the average reduction in life span associated with air  
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Table 2.11: Study Designs on Air Quality and Health Impacts 
Categories Description Research Studies 
Epidemiological 
studies 
including: 
(Association between the incidence of 
diseases (effects) and risk factors and the 
level of pollutants in the air.) 
 
  
Early studies 
 
Association between air pollution 
exposure and excess mortality rates.  
Brimblecombe (1987); Chinn et al., 
(1981); Bell and Davis (2001) 
Time-series 
analysis 
 
Correlation between daily changes in 
pollution and changes in health. The 
analysis considers confounding factors 
such as season, temperature and day of 
the week 
 
Disadvantages: It cannot establish the 
causal nature of the associations 
demonstrated. 
 
Katsouyanni et al., (1995); Schwartz 
et al., (1996); Schwartz (1997 and 
1999); Anderson et al., (1996); 
Touloumi et al., (1996 and 1997); 
Burnett et al., (1998a and b); Samet 
et al., (1995, 1997 and 1998); Sartor 
et al., (1997); Borja-Aburto et al., 
(1997); Simpson et al., (1997); 
United Kingdom Committee on the 
Medical Effects of Air Pollutants 
(1998); Streeton (1997); Bascom et 
al., (1996); Wordley et al., (1997); 
Morgan et al., (1998a and b); 
Denison et al., (2000); Prescott et al., 
(1998); Sheppard et al., (1999); 
Morris and Naumova (1998); Yang et 
al., (1998); Petroeschevsky et al., 
(2001); Pope et al., (1995b) 
Cohort studies Conduct the study on clearly defined 
populations over a period of time. They 
include not only the deaths caused by 
short-term but also long-term exposure. 
Cohort studies are suitable for a 
sufficiently large number of population 
over a reasonably short period.  
 
Disadvantages: Very expensive and 
time consuming. 
Henry et al., (1991b); Dockery et al., 
(1993); Pope et al., (1995a and 2002); 
Abbey et al., (1999); Krewski et al., 
(2000); Brunekreef and Holgate 
(2002) 
Panel studies Short-term studies, conducted on 
volunteers on a daily or weekly basic, 
provide data on health endpoints and 
objective measures of lung or cardiac 
function. They are usually large and 
collaborative, and generally take a multi-
country analytical approach. 
Atkinson et al., (2001) 
 A group of subjects with a particular 
health effect is compared with a group of 
subjects without any health effect. Both 
groups are exposed to the same air 
pollution levels and pollutant effects are 
investigated as an exposure-response 
function. 
 
Nyberg et al., (2000); Miyao et al., 
(1993) 
Chamber 
studies  
Analyse the mechanism by which 
exposure to individual air pollutants 
affect human and animal health but do 
not examine either the mixtures or 
temporal variation that occur in natural 
exposures.  
Samet et al., (2001); Schelegle et al., 
(2003); Holz et al., (2002); Nel et al., 
(1998); Brunekreef and Holgate 
(2002) 
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Meta-analysis Reduce the uncertainty associated with 
individual study by using the statistical 
pooling of results from several studies to 
obtain aggregate values. It recognizes the 
inherently stochastic properties of the 
estimation process so it seeks to estimate 
the mean and variance of the ‘mother’ 
distribution. It is the basis for 
extrapolating dose-response relationships 
to the situations where no specific 
epidemiological study has been done. 
Ostro (1994 and 1996); Pope and 
Dockery (1994); Schwartz (1994) 
Source: BTRE (2005) 
 
pollution exposure. However, the group agreed that time series studies would 
continue to play an important role in understanding exposure–response relationships. 
It also identified sensitivity analysis as having a critical role in bringing across the 
uncertainty of the impact estimates.  
One of the most popular valuation methodologies, developed by CEC (1995), 
is known as the Impact Pathway Approach for quantifying the costs due to airborne 
pollutants in the ExternE project series. This approach is presented in Figure 2.3. 
Figure 2.3: A Process to Quantify Health Impacts 
 
 Source: BTRE (2005) 
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The approach is comprised of four steps: emission estimation, dispersion and 
chemical conversion modelling, calculation of physical impacts, and monetary 
valuation of these impacts. 
The approach follows the European concept often referred to as the ‘dose-
response’ or ‘impact pathway’ (AEA Technology 2002; WHO 2000). In Australia, 
the airshed model of the Commonwealth Industrial and Scientific Research 
Organisation (CSIRO), The Air Pollution Model, is applied to predict air pollutant 
concentration in the atmosphere (Hurley 2002). The approach involves the following 
steps, according to BTRE (2005): 
 assessing and quantifying emissions from the pollutant source (motorised 
vehicles); 
 assessing the resulting air pollution concentrations in the surrounding area; 
 assessing exposure-response functions that link health cases e.g. 
respiratory and cardiovascular disease to pollutant increments; and 
 valuing health cases using economic values of human life derived by either 
the willingness-to-pay or human-capital approach. 
2.9.4 Approaches to Uncertainties in the Valuation 
Irrespective of the sophistication in the methodology and comprehensive 
coverage of the health effects, all health cost estimates derived thus far are subject to 
a range of uncertainties in reality. The uncertainties in estimated values are reflected 
in their wide variations (or, range). The values can vary significantly for a specific 
health endpoint and across different health endpoints associated with air pollution 
due to several factors – the endpoint’s severity, duration and reversibility. Values are 
also affected by the way an individual perceives an endpoint - e.g. fear or dread for 
life - and this trait is particularly observed in the widely varied WTP estimates, 
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compared to less varied COI estimates. The external cost estimation in an ExternE 
project also has to deal with several uncertainties for several reasons (CEC 1995): 
 The data basis (population, traffic volumes, economic performance), 
 The physical indicators for damages (accidents, noise exposure rates, 
emission estimates), and 
 The unit values for the estimation of external costs (basic methodological 
uncertainties, value transfer procedures etc.). 
Table 2.12: Variations in the valuation of health endpoints 
 
*Indicates that COI includes the value of lost productivity. For hospital admissions, lost productivity 
is calculated by multiplying the average length of stay by the average wage rate. For restricted activity 
days, lost productivity is the average daily wage rate. 
 
Source: Table 5.3.1, page 36, NSW 2005 
Studies have addressed these uncertainties in valuation of health costs by 
deriving a range of cost estimates using sensitivity analysis, where high and low 
estimates of each health endpoint are calculated. Table 2.12 shows high and low 
estimates for a range of morbidity cost estimates derived following different 
approaches (NSW 2005). In general, WTP estimates are found to exhibit much 
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higher variability within the range than the estimates based on the COI and ‘lost 
productivity’ approaches. 
 
Table 2.13: Overview of sensitivities of the most important cost categories and  
                    the associated uncertainty range 
 
Cost category  
 
Share of 
total 
costs 
Relevance for 
transport 
means 
Sensitivities considered Range of 
sensitivities 
Accident 50% Road Risk value (1,5 Mio €) was 
replaced by 1,0 Mio€, on the 
other hand by 2,0 Mio €. 
-33% to +33% 
 
Air pollution 
(Health Costs) 
 
41% Road and Rail Long term mortality: 0.46 to 
1.83 million Euro. 
-35% to +71% 
 
Noise 3%  Road and Rail WTP 15 and 45 €/dB(A), 
reference 30 €/dB(A) 
-33% to +33% 
 
Climate Change 3 % All modes Upper and lower bound for 
scientific shadow rate CO2 (6 
and 12 € per t CO2 ). 
-25% to +50% 
Source: Table 11, External costs of transport in Central and Eastern Europe, OECD Final Report,  
            May 2003. 
 
Sensitivity analysis is generally conducted to assist the reviewer in determining 
which parameters are the key drivers of a model’s results. By reporting different 
values from sensitivity analysis, policy makers and researchers are able to consider a 
wide range of scenarios and, can also increase the level of confidence that a reviewer 
will have in the valuation model. For example, the OECD 2003 Report estimating 
external costs of transport in Central and Eastern Europe, showed the results of some 
sensitivity calculations of the valuations of individual cost categories (Table 13). The 
sensitivities presented consider reasonable ranges of unit values. 
Based on mathematical mechanisms, individual ranges of cost estimates cannot 
just be summed up in order to get an overall range of uncertainty. In reality, some 
uncertainties can even outweigh themselves (Sirikijpanichkul et al.2006, Amoako et 
al. 2003). 
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2.10 POLICY RELEVANCE: VALUING AIR POLLUTION IN COST 
BENEFIT ANALYSIS 
In the policy environment, Cost Benefit Analysis (CBA) is the most practiced 
methodology for deciding on public investment programs and policies. Air pollution 
control measures are no exceptions – numerous CBA studies have been carried out to 
assess the benefits and costs of policies and programs to curb transport emissions 
across the globe. For example, the studies conducted by the US EPA (1997, 1999) 
analysed retrospective and prospective costs and benefits of air pollution policy and 
found that while the retrospective study (US EPA, 1997) showed exceptionally high 
benefit-cost ratio (around 44) for the central estimate of benefits and costs, the 
prospective studies (US EPA 1999, Portney 2000) had a comparatively low, but 
reasonably good benefit-cost ratios (about 4). Moreover, the EPA believes these 
values could be cases of probable underestimates.  
In these studies, the total benefits were mainly contributed by health benefits 
(99% if damage to children's IQ is included). The EPA's analysis was, however, 
subjected to very critical analysis (Lutter 1998, Sieg et al. 2000). The significant 
feature of all of these studies is that derived health benefits exceeded health costs, 
irrespective of the individuals’ perception of the estimates of benefits and costs. A 
detailed analysis on the application of CBA in estimating the health impacts of air 
pollution is provided in some review studies (Scott Voorhees 2001, Sirikijpanichkul 
et al. 2006, NSW EPA 2013) 
Similarly, in the cost-benefit studies of actual and proposed European 
Directives on air quality control, health benefits - in the form of reduced premature 
mortality and reduced morbidity – turned up as a prominent figure. Table 2.14 shows 
a selection of studies relating to air pollutants and reveals that health benefits account 
for a minimum of one-third and a maximum of nearly 100 per cent of overall benefits 
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from pollution control. Moreover, in most cases these benefits exceed the costs of 
control by considerable margins. Health benefits therefore 'drive' positive benefit-
cost results, as reflected in most of the USA studies (Sirikijpanichkul et al. 2006). 
Table 2.14:  Health benefits as a share (%) of overall benefits in selected  
         cost-benefit studies 
Study Title and subject area Benefits as % total benefits 
Holland and Krewitt, 1996 
 
 
 
 
 
AEA Technology, 1998a 
 
 
 
 
 
AEA Technology, 1998b; 
Krewitt et al.,  1999. 
 
 
 
 
AEA Technology, 1998c 
 
 
 
AEA Technology, 1998d 
 
 
 
 
AEA Technology, 1999 
 
 
 
 
 
IVM, NLUA and IIASA, 
1997; Olsthoorn et al.,  
1999. 
 
 
Benefits of an Acidification 
Strategy for the European Union: 
reductions of SOx, NOx, NH3 in 
the European Union 
 
Cost Benefit Analysis of 
Proposals Under the UNECE 
Multi-Effect Protocol: reductions 
of SOx, NOx, NH3, VOCs 
 
Economic Evaluation of the 
Control of Acidification and 
Ground Level Ozone: reductions 
of NOx and VOCs. SO2 and NH4 
held constant. 
 
Economic Evaluation of Air 
Quality targets for CO and 
Benzene 
 
 
Economic Evaluation of 
Proposals for Emission Ceilings 
for Atmospheric Pollutants 
 
Cost Benefit Analysis for the 
Protocol to Abate Acidification, 
Eutrophication and Ground level 
Ozone in Europe 
 
Economic Evaluation of Air 
Quality for Sulphur Dioxide, 
Nitrogen Dioxide, Fine and 
Suspended Particulate Matter and 
Lead: reductions of these 
pollutants 
86-94%. Total benefits cover 
health, crops and materials. 
 
 
 
 
80-93%. Total benefits cover 
health, crops, buildings, 
forests, ecosystems, 
visibility 
 
 
 
52-85% depending on 
inclusion or not of chronic 
health benefits. Total 
benefits include health, 
crops, materials and 
visibility 
 
B/C ratio of 0.32 to 0.46 for 
CO. Costs greatly exceed 
benefits for benzene. 
Benefits consist of health 
only. 
 
B/C ratios of 3.6 to 5.9. 
Health benefits dominate. 
 
 
 
VOSL + morbidity accounts 
for 94% of benefits. B/C 
ratio = 2.9. 
 
 
 
32-98%. Total benefits 
include health and materials 
damage 
 
Source: Table 2, p.5, Pearce (2001) 
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As mentioned earlier, the NSW Department of Infrastructure and Transport 
also reviewed health benefits as part of a Regulatory Impact Statement for adopting 
the latest Euro 5 and Euro 6 emission standards for light vehicles, and their capacity 
to deliver significant emission reductions (DIT, 2010) using eight existing studies. 
However, only the three most recent studies (Coffey, 2003; Watkiss, 2002; Beer, 
2002) were selected to derive the study’s own estimates. An ‘avoided health cost’ 
approach was used, whereby monetary values (in $/tonne) were assigned to 
individual pollutants (in this case HC, NOx and PM). To calculate the total health 
benefit, the study split total emissions by the capital cities and the rest of Australia, 
before deriving costs and applying unit values.  
 
2.11 CURRENT RESEARCH GAPS 
In the last two decades, a vast amount of literature on health costs of transport 
has emerged. Evidence shows that transport emissions produce a range of different 
ambient air pollutants, while major pollutants generate adverse health impacts in 
terms of both mortality and morbidity costs borne by the society. Though most 
studies have estimated the health costs across countries to be substantial, the 
investigation still continues as researchers and policy makers attempt to refine 
methodologies of cost estimation and its policy implications. The existing literature 
review finds measuring the proportion of any major pollutant in the total transport 
emissions very difficult (almost impossible) due to multiple sources of emissions. 
However, quite a few studies have undertaken this estimation using different 
methods (Kunzli et al., 1999, Nerhagen et al. 2003, BTRE 2005, PEP-WHO 2005). 
The current concern in this context is how to derive the transport share (by 
modes) and pollutant share in the total air pollution (OECD 2014, BTRE 2005, 
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Sirikijpanichkul et al. 2006). These shares are crucial for policy makers as they 
reflect the social cost burden in dollar values.  
The general observation is that most studies have focussed on the mortality 
valuation, rather than the morbidity one, probably driven by the high WTP values 
assigned for individuals’ death risks. This is supported by the latest addition in the 
vast literature, a report by OECD (2014), that has estimated health costs of transport 
emissions for 34 OECD countries and country specific VOSL. One of the main 
recommendations made by the report states the following (page 12, OECD 2014): 
“Indicative estimates suggest that morbidity would add 10% to the mortality 
cost charts, but work is needed to complete a standard method of calculating 
morbidity costs in a manner consistent with the standard method for calculating 
mortality costs. “ 
This implies that a standard methodology to estimate morbidity costs of 
health effects of transport emissions is an important research gap. 
In the Australian context, overseas relative risk ratios are used for quantifying 
health effects of air-pollutants and the BTRE (2005) has raised questions regarding 
its appropriateness, indicating that an Australia specific methodology needs to be 
developed in this sphere as well. In other words, though the major air pollutants with 
adverse health effects and their sources have been identified, the exact nature of the 
association between air pollutants and the exposed population, that is, pollutants’ 
relative risk ratios, given different attributes e.g. age, existing health conditions, 
needs further research. This, in turn, indicates the need for an alternative approach to 
the valuation of health impacts from air pollution, which is either independent of or 
less influenced by pollutants’ relative risk ratios. The current study advocates for an 
economic approach using a suitable economic model for the valuation in this context. 
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 In terms of the methodology of estimating monetary values of health impacts 
of transport emissions, a review of the literature shows that studies have adopted a 
range of approaches and analytical tools. Of these, the damage cost function 
approach is the most popular with VOSL as the valuation unit for mortality costs 
estimation. However, evidence suggests that VOSL estimates are subject to a very 
high variation between the high and low health endpoints, particularly when it is 
based on WTP approaches.  
The current study considered using a marginal WTP approach, in conjunction 
with a change in household income to address this issue. In practice, the study 
adopted an Averting Behaviour Method (ABM) following Freeman (2003). 
According to Freeman (2003), damage cost function approach underestimates the 
health impacts of air pollution as it does not include two categories of health costs - 
expenses incurred to avoid the health effects, and the cost of lost leisure. Therefore 
Freeman (2003) suggested using the individual willingness-to-pay (WTP) to avoid 
the health damage of air pollution using CVM or ABM approach. In the ABM 
approach, health damage is avoided by mitigating population exposure to health 
hazards or taking preventive actions. This study considered that enhanced use of 
health care services could be utilised to mitigate pollution induced health effects and 
to reduce existing health inequalities within different population groups. 
 Most importantly, the review indicates a lack of research on the valuation of 
health impacts induced by predominantly transport investments or transport policy. 
In the current resource-constrained economy, it is very important to value the 
potential health impacts of individual transport investment programs and/or transport 
policies as these are usually expensive in terms of both time costs and resources 
used. Moreover, the health status of the target population for any specific transport 
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investment program or transport policy varies depending on age, income level, 
location, existing health conditions, lifestyle and preferences. An economic approach 
that explains observed changes in an identified group and individual behaviour in a 
given economic set up, appears to be a suitable method in this context. In addition, 
an economic evaluation assists policy decisions by comparing different policy 
impacts in monetary units, in terms of costs and benefits derived, which is now 
critical, as most economies are facing resource constraints. 
A range of questions also need to be addressed regarding the quantification of 
Australian specific health effects of pollutants itself, which are beyond the scope of 
the current research as the questions fall into the epidemiological evidence category. 
For example, issues needing further attention are: 
 the health impact of very fine particles – PM1 and PM2.5; 
 measurement of indoor pollution and its contributory sources; 
 more robust estimates of particulate emissions from road dust sources; 
 more accurate measurement of the motor vehicle share of local air 
pollution. 
There are also some questions about which air pollutants should be targeted if 
it is agreed that policy measures need to be taken. There is a widespread consensus 
that the smaller particles (less than PM2.5) carry the highest cost burden; however, it 
is not always clear that the epidemiology has determined the interactive effects of 
multi-pollutant contexts. So long as pollutants are correlated, a cautious approach 
would involve selecting just one 'representative' pollutant.  
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Chapter 3: Literature Review: Health Impact 
Assessment (HIA) and Health 
Production Function (HPF) 
Health Impact Assessment (HIA) is a multi-disciplinary mechanism used to 
formally examine the potential health effects of a proposed policy, program, or 
project. HIA has now become a popular instrument for non-health policy decisions 
impacting health issues in developed economies. This is due to the strong global 
concern for community health, based on the emerging evidence of adverse health 
effects generated by various developmental programs. Furthermore, in the face of 
rising socio-economic challenges like ageing and reducing labour productivity, HIA 
is capable of identifying resource requirements of a specific intervention or strategy 
to address issues on existing health inequalities. As a consequence, the last decade 
has seen the emergence of a large body of literature on various aspects of HIA.  
In contrast, literature on applied Health Production Function (HPF) is limited, 
as most empirical studies have used epidemiological and toxicological evidence for 
population health status determination. Though the concept of HPF is well 
established in economic analysis, the policy application has gained momentum only 
in the last decade; and requires more exploration on the health effects of transport. 
This chapter explores the current state of knowledge regarding research and 
developments in HIA and HPF and their implementation in theory and practice in 
public policy formulation – in the context of Australian and international practice 
over the past few decades. The main purpose of this review is to outline the gaps in 
the literature relating to the development and practice of a suitable HIA framework 
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for Australia. However, this review is based only on the literature available in 
English, studies published in other languages have not been reviewed.  
The review of literature is followed by a summary of the gaps in knowledge. A 
basic framework of HIA, incorporating an economic model, is presented in Chapter 4 
(Figure 4.2) to address selected research gaps as identified on the basis of the 
literature review. 
3.1 SEARCH STRATEGY 
The literature search for this review was conducted mainly in two stages – first 
during 2006-2008 while preparing the initial Research proposal (Stage 1) and the 
Confirmation Seminar (Stage 2). The second stage of the search was carried out in 
2013 to update the literature review and to ensure the research contributions made in 
this thesis were not claimed by other studies. The search covered different resources 
– internet search engines, library catalogues, journal index, reports and research 
studies published by international agencies, research organisations and various 
national and local governments. The terms used for the review during the internet 
search included the following:  
• “health impact assessment”, “health effects of policy”, "health costs of 
policy", "measuring health inequality", "quantifying health impacts of policy", 
“health impact assessment in Australia", “policy effectiveness”, “health 
production function”, “economic model of health impacts”, “health impacts of 
transport”, “health costs estimation”. 
The initial search focused on systematic reviews, other literature reviews, and 
selected reports and studies which were available online. The search strategy placed 
more emphasis on the review level evidence, though relevant single studies 
referenced in the reviews were also procured to assess individually. In terms of using 
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evidence or concepts from the existing reviews, the most recent reviews were 
incorporated.  
However, the major part of the literature review presented in this thesis 
comprised of relevant individual research works identified through the various 
resources mentioned above. Factors considered for choosing the individual studies 
were as follows: literature published during the time period 1970–2013, English 
language, full text articles available free electronically either through the QUT 
library subscription, QUT e-prints or accessed from the internet using Google 
Scholar and Yahoo search engines.  
Databases accessed via the QUT library were utilised for searching and 
included Medline, Web of Science, JSTOR and Pubmed. In addition, recent key 
studies using the Health Impact Assessment (HIA) framework conducted between 
2000 and 2013 were also explored to complement the information obtained from the 
existing literature reviews.  
An additional search of HIA web sources (such as, HIA Connect, Health 
Impact Assessment Gateway, World Health Organization, International Health 
Impact Consortium and International Association for Impact Assessment) was 
carried out to detect HIAs conducted between 2000 and 2013. Relevant evidence 
from Australia and New Zealand was also identified, along with relevant 
international case studies. 
3.2 HIA: APPLICATION AND IMPLEMENTATION  
In the past decade, significant progress has been made in implementing HIA, 
and a number of guidelines and reviews have become available (Harris-Roxas and 
Harris 2013, Bhatia 2011, NCER 2010, Mindell 2008, ACHEIA 2004, WHO 2002, 
HDA 2002, enHealth 2001, McIntyre and Petticrew 1999). Much of the recent 
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activity has been aimed at ensuring the incorporation of HIA into policy making at 
the local level. Some success has been achieved in influencing projects to mitigate 
their potential harm, for instance the additional runway at Manchester Airport 13 and 
other examples in European countries (Wright et al. 2005, Joffe and Mindell 2002). 
In the Netherlands, screening of new policies for possible effects on health has been 
introduced at the national level. 
In fact, HIA has been advanced as a means of bringing potential health impacts 
to the attention of policy makers, both in developed and developing economies, 
particularly in sectors where health impacts may not otherwise be considered 
(NCMLP 2012, Huang 2012, Harris-Roxas 2011, NCER 2010, Dannenberg et al.  
2006). For example, HIA is used to evaluate the potential health impacts of the 
deployment of Advanced Metering Infrastructure (AMI) for residential customers in 
the Commonwealth Edison (ComEd) service territory in Illinois, USA (NCMLP 
2012). Application of HIA in Australia seems to be growing (Harris-Roxas and 
Harris 2013). Though Australia has been slow to adopt HIA, considerable strides 
have been made in many other countries, and under the auspices of the World Health 
Organization and World Bank (APHA 2011, Harris and Spickett 2011, Boesch et al. 
2008, WHO 2008, Field and Jayasekera 2009).  
Varied applications in this diverse milieu have generated diverse approaches to 
HIA - quantitative/analytic, participatory, and procedural - each with distinct 
disciplinary foundations, goals, and methodologies (Harris-Roxas and Harris 2011, 
IFC 2009, Vohra 2007, Scott Samuel 2005). The suitability of these approaches for 
different applications in the USA and their challenges were highlighted in a study by 
Cole et al. (2005). This study also examined areas in which methodological work 
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was most needed and most likely to advance the field from theory and infrequent 
application to more routine practice in the United States. 
The advances made in implementing HIA in developed countries have 
primarily focused on improving policy engagement and involvement of both the 
community covered by the proposal and of other key stakeholders - that is, on the 
process, using existing knowledge. However, there are still many limitations with 
HIA application at a government level (Harris-Roxas and Harris 2013, Lock et al.  
2003). For example, it is generally acknowledged that there are serious gaps in the 
evidence base required to carry out a rigorous HIA. In fact, the lack of good and 
complete information is a serious limitation of HIAs. In the long run, if HIAs are to 
be effective, they will need reliable evidence that covers all aspects of the work 
(Weinstein and Skinner 2010). This is particularly imperative in the face of an 
increasingly resource-constrained health systems across countries (Edward 2011) as 
effectiveness of HIA is essentially evidence driven, including establishing the 
comparative effectiveness of interventions (Sackett and Rosenberg 1995). At present, 
such information is patchy. 
3.3 HIA: METHODOLOGY 
Generally there is no formally agreed model for conducting HIAs. However, 
the literature review shows that there is a general agreement about the core elements 
or stages of the HIA process (as depicted in Figure 1, Chapter 1). For example, a 
paper by Lock et al. (2003) presented the methods of HIA used in the Republic of 
Slovenia, for proposed agricultural and food policies. The HIA basically followed a 
six-stage process: policy analysis; rapid appraisal workshops with stakeholders from 
a range of backgrounds; review of research evidence relevant to the agricultural 
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policy; analysis of Slovenian data for key health-related indicators; a report on the 
findings to a key cross-government group; and evaluation.  
HIA also draws on other impact assessment areas - for example environmental 
impact assessment; and uses a wide variety of tools and methods - for example, 
literature reviews, epidemiological modelling of risk, key informant interviews and 
focus groups to elicit community views and perceptions. The flexibility of using a 
variety of methods appropriate to the objectives of a particular study and its potential 
for inter-disciplinary cooperation are cited as strengths of the HIA framework (Scott-
Samuel 1998, Fehr 1999, Kemm et al. 2004, Collins and Koplan 2009).  
Veerman et al. (2005) conducted a review of 98 HIA studies to assess what 
methods were used in quantitative health impact assessment (HIA), and to identify 
areas for future research and development. This review distinguished between 
methods used to estimate the effect of policy on determinants (16 quantitative HIAs), 
and methods that calculated health impact given those changes in the exposure to 
determinants (17 HIAs). Quantitative methods are found primarily in the field of 
environmental health (such as, pollution, chemical hazards etc), and the rest on issues 
like traffic accidents, infectious diseases and behavioural factors. This paper has 
identified five areas for future research and development in quantitative HIA: 
i. methods to quantify the effect of socioeconomic and behavioural 
determinants of population health;  
ii. user friendly simulation models for outcome assessment in HIA; 
iii. the additional use of summary measures of public health; 
iv. the use of expert opinion and scenario building in HIA; and 
v. empirical research into the validity and reliability of methods for HIA, and 
of complete HIA studies. 
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The present study worked on two of these identified areas – i and iv - by 
developing an economic model with a Health Production Function (HPF) and 
estimating the HPF using Australian data.  
In spite of being used extensively for quantifying population health impacts of 
a range of policies and programs for more than a decade, HIA still lacks a standard 
tool for estimating policy induced health effects (Bhatia and Seto 2011, Lhachimi et 
al. 2010, O'Connel and Hurley 2009, Dennenberg 2008, Wismar 2007). 
In fact, quite a few reviews of HIA methods have concluded that there was a 
need for further methodological developments which were both ‘universally 
accessible’ and appropriate for ‘any user or group’ of practitioners (Bhatia and Seto 
2011, Lhachimi et al. 2010, Mittlemark 2001). The review by Lhachimi et al. (2010) 
appeared to be the most systematic review of HIA methods so far. This review 
identifıed 20 models for HIA and tested main six models for the methods: (1) 
ARMADA (Age-Related Morbidity and Death Analysis); (2) GBD (Global Burden 
of Disease); (3) POHEM (Population Health Modeling); (4) PREVENT; (5) MSLT 
(Proportional Multi-State Life Table); and (6) RIVM CDM (RIVM [National 
Institute for Public Health and the Environment, the Netherlands] Chronic Disease 
Model).  
The review found these six models to be suffıciently generic to be used for 
various and multiple diseases and different risk factors. These models were then 
assessed to examine whether they could meet the criteria and requirements of the 
HIA framework by developing three proposed model structure criteria (real-life 
population, dynamic projection, explicit risk-factor states) and three usability criteria 
(modest data requirements, rich model output, generally accessible). The review 
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concluded that all six generic models investigated were not suitable as a standard 
HIA tool:  
“The models are either technically advanced with no or limited accessibility, 
or they are accessible but oversimplifıed.” (Lhachimi et al. 2010, page 78) 
In a good HIA, the quality of evidence and analytic methods and validity of 
predictions are important attributes (Veerman et al. 2007, Mindell et al. 2001). 
Moreover, while quantitative estimates in HIA derive the magnitude of policy or 
program impacts, they also require elaborate information and may raise questions 
about the validity of methods or choice of methodological assumptions used in the 
assessment (O'Connell and Hurley 2009). 
3.4 HIA: POLICY CONTEXT 
Policy impact appraisal for public investment projects has remained a popular 
practice for decision makers for last few decades covering economic, environmental, 
political and social reasons. In contrast, public health concerns in policy impact 
assessment are a recent addition. The Ottawa Charter for Health Promotion (First 
International Conference on Health Promotion, 1986) identified that health 
considerations should be relevant to all policy makers and they should be aware of 
the health consequences for their decisions. It was noted that the need to assess the 
health impact of public policy was endorsed in the 1985 ‘Health for All’ strategy of 
WHO Regional Office for Europe (Joffe and Sutcliffe 1997). The UK Department of 
Health, in its publication ‘Policy Appraisal and Health’ (1995), also acknowledged 
the importance of public policy as a determinant of public health and recommended 
that policy makers assess health impacts.  
‘‘Health in other policy areas’’ is a major focus for HIA, since the health status 
of a person or a group is significantly determined in this assessment by a range of 
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policies outside the jurisdiction of health services or public health agencies. HIA may 
also improve the quality of scientific evidence available to policy-makers. In fact, 
HIA has been endorsed and signalled in a range of European and other national 
policies and strategies (Harris-Roxas & Harris 2013, Bhatia 2011, Wright et al. 2005, 
HDA 2002). Many government agencies from developed countries (including the 
UK and other European government agencies, USA, Canada, Australia, New 
Zealand) have issued several policy documents that established the importance of 
HIA in non-health policy areas (WHO 2008, PHAC 2005, HDA 2002, enHealth 
2001). For example, in New Zealand, HIA has been conducted in all public policies 
across non-health sectors since 2004. In practice, HIA is also applicable to policies 
aimed at improving or protecting health, such as traffic calming schemes, healthy 
public transport plans, pollution (air/noise/water) control strategies, etc. 
A review of HIAs undertaken since the 1990s shows its development with a 
shift in policy emphasis in its approaches over time. The main changes identified are 
as follows (Mindell et al. 2008, Mahoney and Morgan 2001):  
 a continuing change from a biomedical determinants based model to a socio-
economic or environmental determinants focused model of health;  
 a change of primary focus from environmental impacts (toxics, infectious and 
other hazards) to wider determinants of health, such as employment, education, 
transport and housing; and  
 a change of health impacts analysis and assessment based only on specific 
projects to a combinations of broader programs and policies.  
In fact, recently conducted HIAs are generally based on other HIA approaches, 
while the earlier HIAs used to a direct development from EIA or policy appraisal. A 
review of HIA studies conducted by McIntyre and Petticrew (1999) could not 
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demonstrate the positive influence of HIA on the decision making process and, in 
particular, on improved health and reduced health inequalities. On the contrary, a 
study by Lock et al. (2003) showed that the HIA process had been a useful 
mechanism for raising broader public health issues on the agricultural policy agenda 
in Slovania and it could derive positive results for policy formation. This positive 
policy impact of HIA is supported by another study (Mindell et al. 2004), which has 
examined the HIA for transport policy undertaken by the Mayor of London at the 
draft stage of the policy. The results indicated that major changes to the transport 
policy were introduced, attributable to HIA. Recent reviews on HIA studies have 
also supported the positive impacts of HIA in non-health policies (Harris-Roxas and 
Harris 2013, Huang 2012, Bhatia 2011, Harris and Spickett 2011). 
In Australia, the practice of using HIA to improve policy or program 
development has been a comparatively new addition. It started in 1999, when the 
National Environmental Health Strategy (NEHS) recognised the close link between 
the positive impacts of healthy environments on population health and effective 
planning and management of these environments. The NEHS has endorsed the 
inclusion of HIA in environmental impact assessment processes. All States and 
Territories in Australia have recognised HIA’s importance in policy development 
proposals (Government of Western Australia 2006 Discussion Paper).  
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Table 3.1: A Review of HIA Activities in Australian Jurisdictions 
Source: Table 1, p. 427, Harris and Spickett, 2011, Environmental Impact Assessment Review, No.31 
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However, each jurisdiction is taking a different approach to HIA and 
jurisdictional policies have resulted in a range of HIA activities at both state and  
national levels (Harris-Roxas and Harris 2013) – a comprehensive review of HIA 
activities in Australian jurisdictions is presented in Table 3.1.  
3.5 HIA: EFFECTIVENESS OF THE APPROACH  
In order to determine the effectiveness of the HIA approach, and to ensure 
quality, it is necessary to monitor and evaluate how the HIA process is undertaken 
(process), whether its recommendations are implemented (impact), and the effect on 
the health of the local population - for example, does it make a difference? (health 
outcome). In this context, relatively few HIA case studies have been evaluated to 
date (Bhatia and Setu 2011, Dannenberg et al. 2006, Quigley and Taylor 2003, Parry 
and Stevens 2001, Lock 2000). One example is the audit evaluation of the Alconbury 
HIA (Jewell 2000). In addition, a number of reports have cited that the Manchester 
Airport HIA has contributed to changes being made to the proposal (Winters 1997, 
Milner and Marples 1997), though no formal evaluation has been undertaken. 
Regarding the effectiveness of the HIA approach, it is necessary to appraise 
evidence on both the determinants of health and the health impacts of interventions 
within the HIA process. However, appraising evidence can be complex because of 
the interrelationship between different health determinants and their causal pathways 
(Lock 2000). Also, lack of data availability on health indicators and interventions 
pose a serious problem (Bhatia and Setu 2011, O'Connell and Hurley 2009). 
In recent years, policy makers in Australia have shown keen interest in the 
development of HIA as part of environmental health frameworks and consequently, 
many environmental health hazards (e.g. pollution) are being considered as part of 
Environmental Impact Assessment (EIA). Although other Australian states conduct 
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some form of HIA for identified non-health policy initiatives, to date Tasmania is the 
only Australian jurisdiction to have introduced legislation requiring formal HIA. 
Since 1996, HIA in Tasmania has been based on the draft Guidelines for Health 
Impact Assessment prepared by the then Tasmanian Public and Environmental 
Health Branch, in accordance with the broad principles identified in the National 
Framework for Environmental and Health Impact Assessment. The Queensland 
Health Department has also prepared a guideline for HIA (QLD Health 2003). In 
addition, NSW Health usually investigates community health concerns regarding all 
motorway proposals following a HIA approach and gets involved earlier in the 
planning process (Capon et al. 2004, WSROC 2007), though there is no legal 
requirement. 
A recent review of HIAs conducted in Australia has supported its policy 
effectiveness (Harris-Roxas and Harris 2013). This review investigated 55 HIAs 
carried out during 2005-09 period in Australia (31 HIAs) and New Zealand (24 
HIAs) to evaluate their policy effectiveness using a framework developed by the 
review team. In spite of depicting dissimilarities in HIA practices between Australia 
and New Zealand, HIAs in both economies have been utilised across a varied range 
of policies, programs and projects involving multiple partner agencies, including 
community groups. The review has found all assessed HIAs to be effective in some 
way – these HIAs have supported policy decisions either directly or indirectly. 
However, there is an increasing interest in integrated impact assessment in 
Australia (Bond et al. 2001) incorporating HIA, which is being driven by broader 
planning agendas relating to sustainability. An example is the integrated assessment 
of the environmental, economic and social effects of the Basslink Pty Ltd proposal to 
connect Tasmania to the national electricity grid (Basslink 2001). Other examples are 
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a range of integrated transport plans and regional plans adopted by different states 
(Tugwell and Johnson 2011, Gunning et al. 2010, NSW 2006, VIC 2006, ACT 2004, 
QLD 2003) to combine economic sustainability with an efficient transport system.  
3.6 HIA: THE ISSUE OF HEALTH  INEQUALITY 
Equity in health is a core element in HIA (WHO European Centre for Health 
Policy 1999, Douglas and Scott-Samuel 2001) implying that reducing health 
inequalities is considered a crucial objective of HIA. Conceptually, health 
inequalities refer to dispersion in health status (such as rates of illness and death or 
self-rated health) across individuals in a population that result from social, economic, 
demographic and geographic conditions that are avoidable, unfair and unnecessary 
(Gakidou et al. 2000, Victorian Health Promotion Foundation 2005). It is now widely 
recognised that a range of factors can affect health and health inequalities outside of 
the formal health services and structure (Dahlgren 1995, Milner and Marples 1997, 
Frankish et al. 1996, Mahoney and Durham 2002). It has also been suggested that 
HIA offers a practical way to consider health and inequalities within the decision 
making process at policy and other levels (European Centre for Health Policy 1999, 
Mahoney and Durham 2002). However, in reality, only a few studies published relate 
specifically to the assessment of equity issues in HIA (Hansell and Aylin 2000). In 
fact, at a global level, hardly any HIAs for policies, programs or projects have 
considered assessment of the equitable distribution of health impacts consistently 
(Harris et al. 2009, Blau et al. 2007, Kemm 2006, Mackenbach et al.  2004, Harris-
Roxas et al. 2004, Parry and Scully 2003).  
However, in Australia, equity focussed HIA has been developed to explicitly 
consider the differential distribution of impacts at each step in the assessment process 
(Gunning et al. 2010, Simpson et al. 2005). In fact, Australia has become a leader at 
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the international level in adapting the standard HIA methodology to advance the use 
of health equity in HIA (Simpson et al. 2005, Harris et al. 2007, WHO 2008). For 
example, an equity focussed HIA was undertaken by the Queensland (Australia) 
Department of Infrastructure and Planning to influence the inclusion of health and 
equity within Queensland’s regional land-use planning (Gunning et al. 2010).  
The past few decades have witnessed the growth of a substantial body of 
literature examining the relationship between health inequality and socioeconomic 
indicators. A study by Stronks et al. (1997) has suggested that the relatively strong 
association between income and health can be interpreted largely in terms of an 
interrelationship between employment status, income and health. Another finding has 
also indicated that occupational class inequalities exist for self-rated health, pain or 
ache, limiting long-standing illness, physical health functioning, angina symptoms, 
and circulatory diseases (Lahelma et al. 2005).  
It is seen that international and Australian research support a link between less 
education and poorer health (Stanwick et al. 2006, Turrell et al. 2006, Laplagne et al. 
2007). Education can lead to better quality jobs, and this may be a protective factor 
against poor health. Education also contributes to increasing self-esteem and self-
worth (Stanwick et al. 2006, Australian Institute of Health and Welfare 2007, Turrell 
et al. 2007). In addition, emerging evidence suggests that life-long learning plays a 
contributing factor in preventing the onset of diseases of ageing such as Alzheimer’s 
(Youssef and Addae 2002). 
Evidence from a study by the Australian Institute of Health and Welfare (2007) 
has supported an association between unemployment and a range of health concerns 
including low self-rated health, cardiovascular disease, and drug and alcohol abuse. 
The similar association was also reported by other studies (Morrell et al.1998, 
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Cummins et al. 2005, Benach and Muntaner 2007), which have linked 
unemployment with low self-esteem and mental health problems. In fact, secure and 
satisfactory employment was found to offer self-confidence and social contact 
(Stanwick et al. 2006). However, while employment contributes to increased 
individual and collective wealth, quality of employment, quality of residential 
environment and quality of health behaviours were found to be equally important 
contributors to mental and physical health (McCarthy et al. 2011). 
3.7 HIA: KNOWLEDGE GAPS IN PRACTICE 
The value of using HIA as tool for enhancing healthy public policy has been 
promoted in several national policies and programmes (Harris-Roxas and Harris, 
2013, Quigley and Taylor 2003). However, there is little review-level evidence 
available to demonstrate if and how the HIA approach informs the equity based 
decision-making process - in particular, if it improves health while reducing health 
inequalities. This demonstration of the effectiveness of the HIA needs exploring the 
feasibility of assessing the effect of HIA on the health of the local population, in 
spite of HIAs being adopted for local government policies. However, perception is 
that it is difficult to establish a connection between HIA and broader improvements 
in public health. 
The difficulty in establishing the connection between HIA and broader 
improvements in public health is acknowledged in a number of studies (Department 
of Health 1999, Mahoney and Durham 2002, Lock 2000). The problem of 
demonstrating the health outcomes of the HIA approach due to confounding factors 
has been acknowledged by Ratner et al. (1997). For example, health outcomes 
invariably have multiple causes, and each cause can have many health (and non-
health) determinants. Attribution of health outcomes to any one intervention/ 
 Chapter 3: Literature Review: Health Impact Assessment (HIA) and Health Production Function (HPF) 94 
approach is, therefore, problematic. To adequately track such changes in health 
outcomes, long-term estimates of exposure-response functions and broader public 
health data sources would be required. Paradoxically, implementing HIA 
recommendations may make it impossible to test whether any detrimental health 
predictions/concerns highlighted in the HIA were accurate. 
It is acknowledged that the existing evidence base for various health 
determinants and interventions to improve health can be patchy, implying the 
prediction of health impacts being open to an element of subjectivity and political 
drivers (Fehr 1999, Parry and Stevens 2001, Mindell et al. 2001). It is also suggested 
that when predicting health impacts, these need to be understood as the ‘prediction of 
tendencies and types of impacts’, rather than absolute measures (Banken 1999). Even 
though HIA case studies undertaken to date have focused on common topics, for 
example, housing, transport and regeneration, the evidence base to inform these 
HIAs has not always been easily accessible or complete due to the lack of systematic 
search strategies and quality assessment criteria (Parry and Stevens 2001). As a 
consequence of these difficulties, it is necessary to explore whether it is feasible and 
appropriate to assess the associated health outcomes (both intended and unintended, 
positive and negative) of the HIA approach. The literature review suggests future 
research in this field should address the following issues: 
 whether the identified predictions did indeed materialise; 
 whether the predictions made during the appraisal were accurate; 
 the effectiveness of the HIA approach to achieve change in the health of the 
population or health determinants - for example, whether the anticipated 
positive effects on health, wellbeing and equity were in fact enhanced, and any 
negative ones minimised; and 
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 developing an economic analysis of the HIA approach. 
Regarding the issue of health inequalities in HIA, the literature review 
identified quite a few gaps in the current knowledge base. Health Impact Assessment 
has a greater scope to address equity than other forms of impact assessment but still 
has trouble systematically addressing equity issues since its equity considerations are 
inferred rather than explicit. A review of studies documenting the relationship 
between socioeconomic status and health concluded that literature to date had been 
more successful in documenting health inequalities than in explaining why these 
inequalities persisted (Feinstein 1993). 
Parry and Scully (2003), on behalf of the World Health Organization Regional 
European Office’s HIA Methods and Strategy Programme, undertook a review of 
how inequalities were theoretically and practically handled in HIA. The review 
found that existing approaches (Merseyside Guidelines, BroTaf Health Inequalities 
Impact Assessment, Equity Audit and the Equity Gauge) were limited from an 
Equity-focused Health Impact Assessment (EFHIA) perspective because they either 
addressed issues in undertaking HIA or assessing equity - none comprehensively 
integrated both. 
Another review by the Australasian Collaboration for Health Equity Impact 
Assessment Project (ACHEIA 2004) concluded that there was only limited evidence 
that differential impacts were considered and assessed in HIA in terms of their equity 
dimension (avoidability and fairness) in a systematic way. Therefore, this ACHEIA 
review emphasised the need for clearly structured and practical guidance on how to 
incorporate equity in HIA.  
A study by the World Health Organisation (WHO Report 2005) also reviewed 
public health policies on health inequalities in 13 developed countries and found no 
 Chapter 3: Literature Review: Health Impact Assessment (HIA) and Health Production Function (HPF) 96 
strong link between inequalities policy and social justice policy. The review 
concluded two main challenges facing policymakers were to ensure that: 
 strategies to tackle the macro-environmental factors feature in policy on 
inequalities in health, and  
 health becomes a prominent issue in social inclusion/social justice policy.  
Hence, the WHO review suggested the outcome of reduced health inequalities 
may best be achieved by integrating the policies in these two areas. 
3.8 HEALTH PRODUCTION FUNCTION (HPF): A REVIEW 
In the public health research domain, a large amount of literature draws 
attention to the identification of public health determinants using several evidence 
based approaches, where estimation of a Health Production Function (HPF) is an 
established economic approach (Ferda 2010, Shaw et al. 2005). A brief review of 
literature on public health determinants using the HPF approach is presented in this 
section. Evidence is drawn from both developed and developing countries, though 
the number of studies estimating public health determinants using HPF approach for 
low income economies is limited. In addition, HPF has been estimated at both micro 
and macro levels. For example, Kiiskinen (2003) used evidence from Finnish health 
survey to estimate a HPF at micro level and Shaw et al. (2005) estimated aggregate 
HPFs for 29 high income OECD countries.  
Becker (1965) first introduced households as “producers of commodities” in 
his theory of the allocation of time and Grossman (1972) used this household 
production framework to develop a model of the demand for health. He defined 
health as a durable capital stock, where the end products were the health services that 
resulted from health capital goods. From this, the concept of a Health Production 
Function (HPF) emerged, implying a functional relationship between health status 
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(output) and its determinants (inputs). Grossman’s model assumed the use of medical 
care services as the most important input in the health production function, and 
generally ignored other health related inputs such as housing conditions, diet, 
recreation, smoking and alcohol consumption. Thereafter, other researchers 
improved Grossman’s theoretical model by incorporating the effects of socio-
economic determinants such as education, life-style, health knowledge, 
environmental factors (Muurinen 1982, Kiiskinen 2003). Later on, Shaw et al.  
(2005) and Fayissa and Gutenna (2005) developed and estimated an aggregate HPF 
based on the Grossman (1972) theoretical model, where they transposed Grossman’s 
micro-model of individual health to a macro level of population health. These 
studies, irrespective of their approach type, have suggested that a health policy 
focussed only on health care services, excluding socioeconomic factors, may be 
ineffective in improving the population health status of a region or an economy. 
Despite its limited appearance in the health economics literature, empirical 
evidence on a population production function for health can be traced back to1969 
(Auster et al 1969). This study presented a regression model of state-level mortality 
rates as a function of medical care and environmental variables. Based on the 
approach of Auster et al. (1969), quite a few later studies estimated HPFs to provide 
evidence for a functional relationship between population life expectancy (or 
mortality) and various environmental measures (e.g. wealth, education, safety 
regulation, infrastructure), lifestyle measures like tobacco or alcohol consumption, 
and health care consumption measures such as medical or pharmaceutical 
expenditures (Thornton 2002, Shaw et al. 2005, Spinks and Hollingsworth 2005, 
Hakkinen et al. 2006). A review of selected empirical studies on HPF is provided in 
Table 3.2. 
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Table 3.2: Selected Empirical Studies Estimating a HPF     
 
Source: Compiled from various studies 
 
Researcher Health Status Period Data Method Country
Auster et al (1969) DR 1967 CS OLS USA
Rodgers (1979) LE and DR NS CS OLS 56 Countries
McAvinchey (1988) M 1960-1982 TS ADL 5 European Countries
Peltzman (1987) DR 1970-1980 CS GLS 22 Countries
Babazono and Hillman (1994) IM 1988 CS OLS 21 OECD Countries
Barlow and Vissandjee (1999) LE at birth 1988 CS OLS OECD
Cremiux et al. (1999) LE at birth 1978-1992 PTS GLS Canada
Filmer and Pritchett (1999) IM 1990 CS OLS/IV 119 Countries
Ngongo et al. (1999) DR at AG 1980-1992 Panel DS Italy
Miller and Frech (2000) LE at AG 1996 CS OLS 21 OECD Countries
Martinez-Sanchez et al. (2001) DR at AG 1991 CS DS Spain
Audrey (2004) M 1948-1996 TS ECM USA
Licthenberg (2002) LE at birth 1960-1997 TS ML USA
Thorton (2002) DR 1990 CS 2SLS USA
Wang (2003) DR at IM 1990 CS IV 60 Low Income Countries
Murthy et al (2003) SD, VD 2002 HS, Pooled
3SLS and 
GMM
Two Cities in India
Fayissa and Gutema (2005) LE at birth 1990-2000 CS GLS 31 African Countries
Shaw et al. (2005) LE at AG 1990 CS OLS OECD
Nixon and Ulmann (2006) IM 1980-1995 CS OLS 15 EU Countries
Kabir (2008) LE at birth 2002 CS OLS 91 Countries
Chang and Ying (2008) DR at AG 1982-1999 Panel GMM Taiwan
Martin et al (2008) DSM 2006-2007 HS OLS, 2SLS UK
Shin-Jong (2009) M 1976-2003 Panel PEM Asia-Pacific Region
Ferda (2010) LE at birth 1965-2005 TS ARDL Turkey
Fayissa and Traian (2011) IM 1997-2005 Panel OLS 13 East European Countries
Chowdhury (2011) LE at birth 1999-2008 Panel OLS 5 South Asian Countries
Nasib et al (2013) LE at birth 1995-2009 Panel OLS
Islamic Conference 
Organization Member 
Countries
Bayati et al (2013) LE at birth 1995-2007 Panel OLS
21 East Mediterranean 
Countries
Indicators:
LE (Life Expectancy), IM (infant Mortality), M (All Cause Mortality), DSM (Disease Specific Mortality), DR (Death Rate)
 NS (Not Specified), SD (no. of sick days), VD (no. of visits to doctor), AG (Age Groups)
Data:  CS (Cross-Section), TS (Time Series), PTS (Pooled Time Series),  HS (Household Survey)
Methods:
DS (Descriptive Statistics), OLS (Ordinary Least Squares), 2SLS (Two-Stage Least Squares), GLS (Generalized Least Squares),  
ECM (Error Correction Model), GMM (Generalized Method of Moments), ML (Maximum Likelihood),  IV (Instrumental Variables), 
PEM (Panel Econometric Methods),, ADL (Almon Distributed Lag), ARDL (Auto Regressive Distributed Lag)
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Table 3.2 shows that there is an increasing attention to a macro-level HPF 
(Bayat et al. 2013, Nasab et al. 2013, Fayissa and Traian 2011, Chowdhury 2011, 
Ferda 2010, Fayissa and Gutema 2005), though empirical estimation of HPF is 
dominated by micro level analysis using cross-section, panel or survey data. For 
example, while Fayissa and Traian (2011) estimated a macro level HPF for 13 East 
European countries in order to determine the most efficient way of allocating limited 
resources for improving the overall health status of countries considered, Ferda 
(2010) estimated a macro level HPF to find the long run determinants of longevity 
and mortality in Turkey’s population.  
The growing interest in macro level HPF indicates that the current evidence-
based policy decision process requires extensive knowledge on the long run 
behaviour of policy variables influencing public health. As the focus of this current 
thesis is to investigate the key factors for estimating and valuing health impacts of 
public investment policies, estimating a HPF for the Australian economy at an 
aggregate level over a sufficiently long period is considered most appropriate. 
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3.9 SUMMARY: IMPORTANT KNOWLEDGE GAPS 
In summary, important knowledge gaps in HIA were identified as follows: 
 exploring the feasibility of assessing the effect of HIA on the health of the 
local population, particularly if it improves health and reduces health 
inequalities;  
 the prediction of health impacts is open to an element of subjectivity and 
political drivers due to a patchy evidence base for various health 
determinants and interventions to improve the health status of the target 
population; 
 the lack of systematic search strategies and quality assessment criteria; 
 inadequate evidence regarding why health inequalities persist; and 
 the lack of comprehensive integration of equities in HIA. 
In the case of HPF, the current knowledge gaps were as follows: 
 long run relationships between population health and its determinants in 
Australia; 
 estimating health benefits from an economic model; 
 lack of information regarding health inequality over time; and 
 spatial or locational differences in health inequalities. 
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Chapter 4: The Economic Model 
This chapter describes the economic model developed by this research to 
achieve the aims and objectives stated in Chapter 1.  
The key research problem identified for this research is: 
How are the health impacts of a transport investment programme and 
transport policies in Australia quantified? 
The first hypothesis to address this question was:  
H1: The current application of HIA to public investment programmes, 
particularly, transport infrastructure investment, lacks a sound economic approach in 
quantifying population health impacts. 
In response to H1, this study developed an economic model using the concept 
of a Health Production Function (HPF), which was presented as an original research 
paper at the 10th Annual Health Impact Assessment Conference, Rotterdam, The 
Netherlands, during 14 - 16 October 2009.  
This chapter consists of the paper which discusses the economic model with an 
example of a transport policy to demonstrate how to use the model. An earlier 
version of the paper was published as a QUT e-print. 
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Incorporating An Economic Model In The 
Health Impact Assessment Approach 
 
Abstract 
 
Current policy decision making in Australia regarding non-health public investments 
(for example, transport/housing/social welfare programmes) does not quantify health 
benefits and costs systematically. To address this knowledge gap, this study proposed 
an economic model for quantifying health impacts of public policies in terms of 
dollar value. The intention was to enable policy-makers to conduct an economic 
evaluation of the health effects of non-health policies and to implement policies that 
would reduce health inequalities, and enhance positive health gains of the target 
population. The Health Impact Assessment (HIA) provided an appropriate 
framework for this study as HIA assesses the beneficial and adverse effects of a 
programme/policy on public health and on health inequalities through the 
distribution of those effects. HIA attempts to influence policy development using its 
scientific findings, mostly epidemiological and toxicological evidence, which are 
unable to explain how population health reacts to a change in the existing economic 
set up due to policy implementation. This paper makes an attempt to address this 
issue of health-policy linkage by proposing an economic model that can explain 
changes in group and individual behaviour in a given economic environment.  
The economic model suggested in this paper is capable of estimating the health 
costs and benefits of public investment policies without using epidemiological or 
toxicological evidence. However, the model can link to these scientific data as well. 
For policy evaluation and decision making purposes, the model is incorporated into 
 Chapter 4: The Economic Model 104 
 
the HIA framework by establishing association among a range of identified factors, 
which drive changes in the behaviour of a target population group and in turn, in the 
health outcomes, including health inequality. The variables identified to estimate the 
health inequality and health costs or benefits are levels of income, unemployment, 
education, age groups, disadvantaged population groups and mortality/ morbidity. 
 
Keywords: Health Impact Assessment (HIA), economic model, public policy,  
health inequality, health costs, health benefits 
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4.1 INTRODUCTION 
Policy impacts appraisal for public investment projects has been in practice for 
last few decades, it has occurred for economic, environmental, political and social 
reasons, with health being a recent addition. Many governments have recognised the 
fact that public health is significantly affected by policies and programmes in non-
health areas, such as transport, housing, urbanisation and social welfare. As a 
consequence, Health Impact Assessment (HIA) has gained popularity in non-health 
policy making during the last decade and HIA has been endorsed and signalled in a 
range of European and other national policies and strategies, including national 
policies in the UK, USA, Canada, New Zealand, Thailand (Mindell 2008, Wright et 
al. 2005, ACHEIA 2004, WHO 2002, HDA 2002, enHealth 2001).  
More recently, the World Health Organisation (WHO) Commission on Social 
Determinants of Health has acknowledged that social determinants of health - such 
as unemployment, unsafe workplaces, urban slums, globalization and lack of access 
to health systems - cause poor health and inequalities between and within countries 
(WHO 2008). The later recognises earlier findings on the linkage between health 
impacts and health inequality, implying that the burden of disease and its economic 
costs and consequences affect lower socio-economic groups more than is 
proportionate (Metcalfe and Higgins 2009, WHO 2005). 
In Australia, HIA has been conducted as part of an environmental impact 
assessment in non-health policy decisions, particularly in transport. However, a 
review of the literature showed that the issue of estimating the public health-policy 
linkage was not fully explored using economic analysis. An economic analysis is 
necessary to address health inequality. The current global agenda of ‘a healthy public 
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policy approach’ adopted by most developed economies is defined as ‘an explicit 
concern for health and equity in all areas of policy’ (WHO 1986) and it supports 
decision-makers to address health and health inequalities. 
A review of the literature (Richardson et al. 2010, BTRE 2005) suggested that 
over the years researchers have primarily used one or more of three common 
approaches to value reductions in health impacts (morbidity) from exposure to air 
pollutants: the Cost Of Illness (COI) approach, the Contingent Valuation Method 
(CVM) and the Averting Behaviour Method (ABM). According to Freeman (2003), 
an economic valuation of pollution induced health damages need four types of costs: 
incurred medical expenses, lost wages, expenditures on activities taken to avoid the 
health effects, and the disutility associated with symptoms or lost leisure. The cost of 
illness, or damage function approach does not include the last two costs and thus, 
underestimates the health impacts. Therefore, the health costs or benefits of any 
policy initiative should consider the individual’s willingness-to-pay (WTP) to avoid 
the health damage using CVM or ABM approach (Freeman 2003). 
Consequently, this study presents an economic model using an ABM approach 
to estimate the health costs and benefits of public investment policies, particularly 
major transport investments. The economic model, based on the concept of Health 
Production Function (HPF), is incorporated in the HIA framework by identifying the 
public health-policy linkages, where health inequality plays an important role in 
estimating the HPF. The household decision on health damage avoidance comes 
through mitigating health expenditures and income inequality, while the existing 
health conditions, lifestyle, education and preventive actions are treated as control 
variables. In this model, HPF drives changes in the behaviour of the target population 
group and in turn, in the health outcomes and health costs and benefits estimation.  
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This paper provides a preview of the HIA framework in section 4.2, as a 
background discussion of the proposed economic model presented in section 4.3. A 
potential case study to validate the model is discussed in section 4.4, followed by 
concluding remarks in the last section.  
4.2 HEALTH IMPACT ASSESSMENT (HIA) FRAMEWORK  
It is widely accepted that a range of economic, social and environmental 
factors determine the health of a population and public policies play an important 
role in improving public health. There is also a large body of evidence on health 
inequality (for example, Marmot Review 2009, Bambara et al. 2008, Graham and 
Kelly 2004). Adverse factors affect groups in society who are more socially and 
physically vulnerable, such as the lower income group, elderly people, children and 
women, to a much greater degree than other sections of the population. HIA has been 
developed to identify those activities and policies likely to have major impacts on the 
health of a target population in order to reduce the negative health impacts and to 
increase the beneficial effects. A framework of HIA is presented in Chart 4.1 to 
indicate the use of evidence and the place of policy decisions.  
HIA attempts to establish the linkage between health status of a population and 
policy implementation. It assesses the beneficial and adverse effects of a programme 
or policy on public health and on health inequalities through the distribution of those 
effects. The 1999 WHO definition of HIA (WHO European Centre for Health Policy, 
1999) has recently been elaborated as (page 1, Quigley et al. 2006): 
  “A combination of procedures, methods and tools that systematically judges the 
potential and sometimes unintended effects of a policy, plan, programme or project on the 
health of a population and the distribution of those effects within the population. HIA 
identifies appropriate actions to manage those effects.”  
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A large body of literature has emerged regarding using the HIA approach for 
various policy developments, particularly in the context of developed economies, as 
the WHO suggested in its six-step HIA framework (Gothenburg Consensus Paper, 
1999). Figure 4.1 below demonstrates the six-step HIA framework. 
Figure 4.1: An outline framework of Health Impact Assessment 
 
 
 
 
 
 
 
 
 
 
 
Source: Gothenburg Consensus Paper, Dec 1999, WHO. 
 
To begin, HIA screens to identify projects or policies for which a HIA would 
be useful, in the scoping stage it identifies which health impacts should be assessed 
and which populations are affected. In the assessment stage the magnitude, direction, 
and certainty of health impacts are assessed using evidence, local data and views, 
followed by reporting of results to policy decision makers. The process concludes 
with monitoring and evaluating the impact of the HIA on the decision making 
process. 
The assessment step in the HIA framework is the most important part of the 
impacts analysis because policy decisions mainly rest on the health cases and health 
costs outcome estimated in this step. For that reason, this study introduced an 
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economic model in this step, which feeds into the policy decision process through 
identified macroeconomic and demographic variables. The economic model is 
expected to estimate the health impacts of any specific public policy initiative in 
dollar terms. This model framework is generic by nature in that health impacts of any 
non-health policies can be estimated using this HIA framework. However, for the 
current research purpose, the transport policy was used in this study’s example of the 
framework implementation (discussed in section 4.4). 
4.3 A FRAMEWORK OF THE ECONOMIC MODEL IN HIA  
A number of comprehensive reviews are available covering a range of studies 
on various aspects of HIA in non-health policy areas, including implementation 
issues (Danneberg et al. 2008, Mindell et al. 2008, Birley 2002). A recent review on 
HIA stated (page 299, Metcalfe and Higgins 2009): 
 “…By its very nature, HIA has been developed as a method of informing 
healthy public policy and seeking to predict the health consequences of implementing 
different policy options. It is therefore a support tool for decision-makers to address 
both potential health impacts and health inequalities in identified policy, 
programmes or projects.” 
However, there is little review-level evidence available to demonstrate if and 
how the HIA approach informs the decision making process and, in particular, if it 
improves health and reduces health inequalities (ACHEIA 2004, HDA 2002). The 
present decision making in regard to public investments in Australia does not 
quantify health impacts and costs systematically, mainly due to the lack of an 
appropriate approach and/or model. Therefore, this study proposed that an economic 
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model be incorporated into the HIA framework, to assist policy decision makers in 
bridging this knowledge gap.  
Figure 4.2: The Proposed Economic Model in a HIA Framework 
 
 
 
 
 
 
 
Here, HI = Health Inequality, Edu = Average education attainment of the 
population; Y = Average income level of the population; H0 = Current health status 
of the population; UnEmp = unemployment level of the population; AQ = Air 
Quality; M = use of health care services; X = household consumption excluding 
health care.   
The economic model developed is incorporated in the HIA framework by 
establishing an association between identified economic and non-economic factors 
using the Health Production Function (HPF) concept in order to explain the linkage 
between policies and health of target population group. The proposed economic 
model is a part of a HIA framework, which is presented in Figure 4.2.  
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In the above HIA framework, the economic model is shown by two equations - 
a Health Production Function (HPF) and a Health Inequality (HI) equation. The 
framework presented above starts with a damage function approach using dose-
response relationships to estimate the health impacts (health cases – mortality and 
morbidity charts) of a policy initiative (e.g.: air pollution reduction). An economic 
model can be then used to determine the factors affecting the health cases and to 
estimate health inequalities. This economic model is finally used for placing 
monetary values on these health effects - by estimating a HPF, where health is 
determined by HI, important macroeconomic and demographic variables. A literature 
review has shown that usually HIA studies use the cost-of-illness (COI) or 
willingness to pay (WTP) approach to estimate the monetary values of reduced 
illness (or, morbidity) (Bellavance et al. 2007, BTRE 2005, Viscusi and Aldi 2003). 
In the case of mortality, estimates are generally based on meta-analysis of values of 
statistical life (VSL) to reduce premature mortality. 
It is now widely recognised that a variety of factors can affect health and health 
inequalities outside of the formal health services and structure (Mahoney and 
Durham 2002, Milner and Marples 1997, Dahlgren 1995). It has also been suggested 
that HIA offers a practical way to consider health and inequalities within the decision 
making process at policy and other levels (Mahoney and Durham 2002, European 
Centre for Health Policy 1999).  
Based on the evidence available, as of now, from the studies conducted in 
Australia and overseas, the study identified factors affecting public health with 
reference to specific policies (e.g., transport policy). The aim of the study, in this 
context, was to examine whether these identified variables could explain the public 
health status of the target population. For this purpose, an economic model was 
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developed incorporating the two-way relationship between public health status and 
policy decision (parameters) by specifying a Health Production Function (HPF).  
In the present thesis, HPF is not intended to be an equity, social justice based 
concept. Rather, HPF is used as a concept that identifies the important health and 
non-health factors that are responsible for the current health status of an individual or 
a representative household in the population. In this study, the existing health 
inequality - that is, the disparities in the prevailing health conditions of the target 
population -  is shown as one of the important factors contributing to population 
health, which can be reduced through a range of non-health policy interventions, 
such as, transport emission abatement policies.  
Similarly, non-health policy of active transportation investments that increase 
land value as well as generate new jobs, also can lower existing health inequality 
indirectly through increased household access to health care services as new health 
care investments happen and household income rises. However, higher land value 
may, in effect, increase health inequality further by displacing lower income 
households from their land as a result of gentrification induced by transport 
investments (Lin 2002; Kahn 2007, Pollack et al. 2010, Dominie 2012, Zuk et al. 
2015). Consequently, displaced low income households are likely to have limited 
access to both a healthy neighbourhood and labour market as they move to a cheaper 
area. In this context, the HPF can capture these impacts of active transportation 
investments by including appropriate indicators of income inequality, demand for 
health care services, employment level, house prices or land value. 
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The Health Production Function concept used in this economic model was 
grounded in Grossman’s HPF approach, developed in 1972, that showed a functional 
relationship between health status (output) and its determinants (inputs). In fact, 
Becker (1965) first introduced households as “producers of commodities” in his 
theory of the allocation of time. Accordingly, this study presents an economic model 
of health behaviour underpinned by a consumer choice approach, where households 
are assumed to produce health output (Grossman 1972) which provides: 
 A health oriented choice model, where individuals are viewed as 
producers of health capital goods (H). 
 Individuals maximise their utility (U) from consumption of H and X, other 
non-health consumption goods: U = U ( X, H )   
 Subject to the HPF: H = f (M, alpha, delta) 
Where: M denotes medical care; alpha is an environmental indicator like air 
quality (AQ); and delta represents economic variables like education, income, 
unemployment and lifestyle factors. 
However, equity in population health is a core policy outcome in the HIA 
framework and hence, existing population health inequalities (HI) need to be 
considered as an endogenous variable in the proposed HPF. In this context, one 
important criteria of the policy effectiveness is a reduction in the observed health 
inequality. Thus, the HPF can be expressed as H = f (M, HI, AQ, X, Edu, Y, H0) 
Here HI denotes the estimated health inequality of the target population, 
which plays an important role in determining the population health (H) in a HIA 
framework. A review of empirical studies indicates a strong association
 
between 
health inequality and socioeconomic indicators – such as employment status, income 
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and health (Lahelma et al. 2005, Stronks et al. 1997). There is strong evidence to 
support a link between less education and poorer health (Laplagne et al. 2007, 
Stanwick et al. 2006, Turrell et al. 2006) indicating higher education policy is likely 
to reduce health inequalities by improving population health. Studies have also found 
an association between the level of unemployment and a range of health concerns, 
including low self-rated health, cardiovascular disease, and drug and alcohol abuse 
(AIHW 2007, Benach and Muntaner 2007, Cummins et al. 2005, Morrell et al.  
1998). Therefore, HI is expected to depend on the income, employment and 
education levels of the population, in addition to their current health status, 
demographic and environmental factors. 
HI = F (Edu, Y, UnEmp, AQ, Race, Location, Gender) 
Here, Edu = Average education attainment of the population; Y = Average income 
level of the population; H0 = Current health status of the population; and   
UnEmp = unemployment level of the population. 
In a health production function, the individual’s health choice is usually 
emphasised; whereas in a public policy context, policy impacts are supposed to cover 
a target group of people, defined by the policy coverage. This means that the macro-
micro linkage needs to be identified while estimating the HPF for policy impacts 
analysis. This study proposed to address this by estimating an aggregate HPF that 
showed a long run relationship between population health and its identified 
determinants. 
The choices of health production output variables are usually concentrated on 
life expectancy, mortality rate and related variables. The United Nations consider life 
expectancy, infant mortality rate and children’s mortality rate to be three major 
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indicators of the health achievements of a country or a region. In estimating the 
health system performance of its member countries in 1997, WHO took disability - 
adjusted life expectancy (DALE) and children’s mortality rate as indicators of the 
general health achievements (WHO 2000). Life expectancy, DALE and mortality 
rate are all health output variables widely applied in the Health Production Function 
studies (Zhang et al. 2006). In this study, life expectancy and mortality rates were 
adopted as the health production output variables. 
This paper defined the health production input variables in the narrow sense as 
medical and health inputs and health spending being the main inputs in the health 
production system (Grossman 1972). As direct inputs into the health production 
system, doctors (with physicians and nurses) per capita, hospital beds per capita and 
medical equipment availability can be considered as the factors directly influencing 
health production output (Retzlaff-Roberts et al. 2004). As there may not be 
particular data on medical equipment, the number of health technicians per 1000 
people and the per capita health spending (including government budget expenditure, 
public health spending and private health spending) can be used as input variables.  
In the case of socio-economic factors, strong evidence exists showing a link 
between less education and poorer health (Laplagne et al. 2007, Stanwick et al.  
2006, Turrell et al. 2006), as mentioned previously. Education can lead to better 
quality jobs, and this may be a protective factor against poor health. A study by 
Australian Institute of Health and Welfare (2007) concluded in support of a positive 
association between the level of unemployment and a range of health concerns, 
including low self-rated health, cardiovascular disease, and drug and alcohol abuse. 
A similar association was also reported by other studies (Benach and Muntaner 2007, 
Cummins et al. 2005, Morrell et al. 1998), which found unemployment to be 
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associated with low self-esteem and mental health problems. Therefore, education 
level was included as an explanatory variable in both HPF and HI equations in this 
study’s proposed model. 
The model may be estimated using an econometric simultaneous equations 
system based on available socio-economic, health status and macroeconomic data. 
For example, a two stage ordinary least square (2SLS) model could be constructed to 
identify the factors that determine public health gains associated with a policy 
intervention. In evaluating the explanatory variables in this economic model, this 
study was interested in the presence and nature of statistical relationships and the 
statistical significance of the exhibited association among variables. This study was 
also interested in the practical importance of the statistical relationship, measured by 
the elasticity of the explanatory variables. In order to obtain elasticities directly, all 
explanatory variables could be transformed into their natural log forms. The 
coefficients obtained for each explanatory variable could be then read as the 
elasticity of the public health variable (H) with respect to the explanatory variable.  
Estimated health production functions for the target population can then be 
directly used to calculate the economic costs and benefits charts of identified health 
impacts of the policy intervention in question. The next step would be to conduct a 
sensitivity analysis to test the robustness of the economic model developed. 
4.4 AN EXAMPLE FOR VALIDATING THE ECONOMIC MODEL 
The objective of this model framework was to assess the health impacts of a 
policy decision on the exposed population group and examine the policy 
effectiveness in terms of health gains or reduced health inequalities. That is, 
estimating dollar impacts when the health status of the exposed population group 
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changes by public programmes – for example, transport initiatives to reduce air 
pollution by expanding the road network, public transport infrastructure and services, 
or by imposing road based taxes – such as congestion tax, fuel tax, vehicle tax.  
A case study implementation of the proposed economic model in the HIA 
framework advocated by this study is presented in Figure 4.3. The framework of the 
economic model is depicted as the shaded area.  
Figure 4.3: An economic model to assess the health impacts of a policy decision 
 
The HIA framework advocated in Figure 4.3 follows the HIA steps outlined in 
Figure 4.1. It incorporates an economic model in the assessment step identified for 
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estimating health cases and estimating health costs and benefits. A number of 
economic variables are identified to estimate the health inequality and health costs 
for this purpose. However, case studies only consider those variables for which 
reliable databases exist, such as income, unemployment, education, lifestyle factors, 
transport emission, air-pollutant emission and mortality/morbidity data.  
Figure 4.3 depicts how policy makers can attach a price to a transport policy 
under consideration. In this example, the policy aim is to reduce air pollution level in 
a target area with high exposure to transport emissions. The transport policy 
identified is to build better road infrastructure to reduce congestion and divert heavy 
traffic effectively. The number of health cases (mortality as well as morbidity 
effects) can be estimated from reduced congestion and air pollution levels using a 
health damage function based on dose-response relationships derived from 
epidemiological studies (BTRE 2005). 
The health inequality index is expected to be determined by socioeconomic 
variables such as education levels of the population, the proportion of disadvantaged 
groups in the target population and other variables such as income, current 
population health status, age groups, gender and racial differences. However, if 
construction of a health inequality index becomes difficult due to lack of data, an 
income inequality index could possibly be used as a proxy. 
The specified HPF for the target population could be then estimated using an 
econometric simultaneous equations system based on the available data. The results 
could then be directly used to calculate the economic costs and benefits charts of 
identified mortality and morbidity costs of the identified transport policy intervention 
in question.  
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In addition, the efficacy of this economic model lies in its flexibility, where the 
model can be modified to accommodate a specific policy impacts analysis, such as: 
 the last two steps of this framework need to be modified depending on the 
nature, goals and stages of the particular policy intervention, where the HIA 
framework is being implemented;  
 some of the steps in this framework need to be revisited for some policy 
interventions (such as whether a new or ongoing or implemented policy/ 
program is used for impacts analysis);  
 depending on the nature and scope of the particular program, some steps 
could be merged to provide a more efficient outcome.  
4.5 CONCLUDING REMARKS 
This study put forward an economic model using a Health Production Function 
(HPF), which could explain long run changes in the health behaviour of an individual 
and/or a group in a given economic set up. The advantage of the proposed economic 
model lies in its generic use, that is, the model could be used for estimating the 
health costs of any identified non-health policy. In addition to new policy proposals, 
this model could be used for an ex-post policy analysis, as well as for any non-
assessed current policy. The model could help policy makers to identify a target 
population and areas where interventions are most warranted, such as traffic 
congestion, traffic emissions, urban sprawl and low income housing. Once fully 
calibrated, the model is expected to provide a comprehensive tool for selecting the 
most effective public investment programs with minimum adverse health effects 
and/or maximum health gains for the community targeted. This model could also be 
useful for budget analysis and infra-structure programme reviews in the policy 
decision process.  
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However, like any other economic model, the empirical evidence obtained 
using this model will be specific to the data-set used. Therefore, the transferability of 
the results may not hold, unless specific modifications are made for the purpose. 
Additionally, as the policy decision cannot be delayed or stopped in the face of non-
availability of required data, this model recognises the use of proxy variables to 
derive indicative policy impacts on the population health. Moreover, this economic 
model is most useful for understanding the influence of a range of economic, 
demographic, socio-economic and environmental factors on the population health 
based on the past occurrences (depicted by data set chosen), essential for evidence–
based policy decisions. However, this model may not be the most suitable for 
predicting population health status or health behaviour, as not all observations related 
to population health behaviour are quantifiable, and hence, not considered in the 
model. 
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Chapter 5: Estimating the Economic Model 
This chapter illustrates an estimated economic model that was developed and 
discussed in the previous chapter - Chapter 4. Specifically, a long run Health 
Production Function (HPF) for Australia was derived using a time series econometric 
analysis to evaluate the association between population health and its identified 
determinants.  
In effect, this chapter presents a paper prepared for submission to a journal 
focused on the empirical estimation of a long-run Australian HPF for the period 
1960-2005 (an earlier version of the paper was prepared for presentation at The First 
Australasian Workshop On Econometrics And Health Economics, Melbourne, 
Australia during 7-9 April 2010).  
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Estimating An Economic Model of Health 
Behaviour Using Australian Evidence 
 
 
Abstract 
 
This paper estimates a long run Health Production Function for the Australian 
population using aggregate level annual data for the period 1960-2005 to quantify the 
relationship between population health and its economic, socio-economic and 
lifestyle determinants. The analysis reveals that per capita health expenditure and 
health care services have strong positive association with long term population 
health, while ageing population and tobacco consumption show negative impacts. 
Female education level and income inequality display somewhat mixed health 
effects. Results indicate that increasing female education has lowered Australian 
morbidity overtime, while rising income inequality has widened disease burden. 
However, both indicators are observed to adversely influence life expectancy at birth 
overtime, implying further investigation of the association. Overall, this study 
suggests that public health policies in Australia should target improving 
socioeconomic and lifestyle conditions of people, in addition to health care services 
to provide better health outcomes.  
 
Keywords: Health production function, life expectancy, morbidity, income 
inequality, female education level, econometric analysis, macroeconomic policy.   
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5.1 INTRODUCTION 
Policies play an important role in improving public health, policy makers 
therefore need to identify public health determinants at a macro level. The 
knowledge of determinants also assists decision makers in estimating the possible 
health effects of non-health policies. Although various studies have investigated the 
association between population health and its determinants using a Health Production 
Function (HPF) approach at a macro level (Fayissa and Gutema, 2005, Shaw et al.  
2005, Spinks and Hollingsworth 2005, Thornton 2002), very few have explored the 
association for the Australian economy. A study by Connelly and Doessel (2004) 
examined the public health determinants in Australia using longitudinal data through 
1996, representing a now 15 year old analysis, necessitating a fresh analysis of the 
Australian HPF. Moreover, the Australian health sector has undergone several 
structural changes (improved medical services, innovations in medical technology, 
changes in public health policies and household lifestyle etc.) in the last 15 years, 
suggesting a gap in information on the current health determinants in Australia.  
This paper attempts to address this gap by estimating a long run Health 
Production Function (HPF) for Australia using aggregate level annual data for the 
period from 1960 to 2005. Covering the longest period so far, the estimated HPF 
could be used by policy-makers as a reference or base case, particularly in the 
macroeconomic health policy arena.  
The next section of this paper provides the economic model framework, 
followed by the empirical model section including a discussion on the choice of 
endogenous variables, based on several statistical tests. Empirical results derived 
using the econometric method are reported and analysed in the results section. The 
final section discusses the main findings and identifies some limitations of the study.  
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5.2 THE ECONOMIC MODEL 
 Becker (1965) first introduced households as “producers of commodities” in 
his theory of the allocation of time and Grossman (1972) used this concept to 
develop a Health Production Function (HPF) approach that shows a functional 
relationship between health status (output) and its determinants (inputs). Fayissa and 
Gutenna (2005) subsequently estimated an aggregate HPF for the Sub-Saharan 
Africa region using Grossman’s (1972) theoretical model, where they transposed 
Grossman’s micro-model of individual health to a macro level of population health.  
This paper adopts the basic approach of Fayissa and Gutenna (2005) to 
estimate a long run aggregate Health Production Function for Australia. The major 
advantage of estimating an aggregate Health Production Function is the availability 
of estimates of the over-all effect of health inputs (such as medical care utilisation) 
on the population health status (Thornton 2002). Accordingly, this study presents an 
economic model of health behaviour underpinned by a consumer choice approach, 
where households are assumed to produce health output. In addition, this study 
captures the behavioural changes that have occurred in the health of the Australian 
population over a forty five year period (1960-2005) by incorporating consistent time 
series information on economic, demographic, and social variables in model 
estimation.  
5.2.1 The Model Framework 
This study considered a health oriented choice model, as suggested by 
Grossman (1972), where individuals were viewed as producers of health capital 
goods (h) and later converted to a macro-level Health Production Function (HPF) by 
Fayissa & Gutenna (2005). The conversion to macro-level was done by representing 
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elements of a HPF in per capita form so that an aggregate HPF could be expressed as 
below:  
h = f (Y, S, V) .............................................................(Eq.1) 
where, h is individual’s health status and is denoted by life expectancy at birth 
(or other health status like mortality rate or morbidity), Y is a vector of per capita 
economic variables, S is a vector of per capita social variables, and V is a vector of 
per capita environmental factors.  
This aggregate HPF approach was used in later empirical studies as well 
(Fayissa and Traian 2011, Chowdhury 2011, Ferda 2010). Following (Eq.2), an 
aggregate HPF is proposed as follows:  
H = f (M, HI, LQ, X, Edu, Age, H0).........................(Eq.2) 
where, H is the population health status, denoted by life expectancy at birth of 
the target population, M refers to indicators for medical care service, HI denotes the 
estimated health inequality, LQ is a vector of population lifestyle quality, Edu is the 
education status of the target population; X represents consumption of other 
commodities like diet, housing, environment etc., Age stands for the population age 
distribution factor; and H0 denotes current health status of the population.  
This study adopted life expectancy at birth of the Australian population (from 
1960 – 2005) as the main health production output variable. The decision was driven 
by both data availability considerations, along with substantial empirical evidence 
supporting relationships between life expectancy and macroeconomic variables (Li 
and Zhu 2006, Zhang, Zhang and Lee 2001, Coile et al. 2002, Gradstein and 
Kaganovich 2004, Cremer et al. 2004). The direct inputs into the health production 
system were represented by M in this HPF, which includes indicators like physicians 
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consultations per capita, hospital beds per thousand persons, and per capita health 
expenditure (including public and private health spending). These indicators were 
considered appropriate as they directly influence population health status (Retzlaff-
Roberts et al. 2004).  
The aging of populations is now a global concern (Australia Productivity 
Commission 2006, OECD 2006, European Commission 2006). As illness and health 
expenses increase with age, per capita health expenditure is an important exogenous 
determinant of population health. The rapidly aging population in developed 
economies is expected to further exacerbate the fiscal pressures associated with a 
high health expenditure per capita. Therefore, in this study, the population above 
65years was used as a proxy variable for the ageing population, in addition to per 
capita health expenditure. 
Empirical research has established causal links between lifestyle and health, 
and lifestyle is seen as an important factor in explaining health differences among 
people (Muurinen 1982, Ericsson 1997, Shaw et al. 2005). In this study, the LQ 
vector in Eq.2 captured these lifestyle effects on the population health. The empirical 
model included tobacco consumption per capita, alcohol consumption per capita, and 
fruits and vegetable consumption per capita as exogenous variables to represent the 
lifestyle behaviour of the population.  
In addition, the health inequality of the target population (YI) was considered 
to play an important role in determining the population health (H) in this aggregate 
HPF. As health inequality measures disparities in health status between individuals 
or groups, it affects population health adversely. That is why improving health policy 
interventions target reducing existing health inequalities. However, for the empirical 
estimation of a HPF for the Australian population, the health inequality variable 
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cannot be used due to lack of time series information. Consequently, this study 
required a proxy variable to replace health inequality in the HPF identified. Income 
inequality is thought to be a good proxy for health inequality as the past few decades 
have witnessed the growth of a substantial body of literature investigating the 
relationship between income inequality and socioeconomic indicators, particularly 
population health status (Deaton 2003, Lynch et al. 2004). Income inequality 
measures disparities in the income level between individuals or groups and it also 
affects population health negatively, similar to health inequality.  
Empirical evidence suggests that the relatively strong association
 
between 
income and health reflects
 
inter-dependence between employment status, income, 
and health (Stronks et al. 1997, Lahelma et al. 2005). Accordingly, this study 
specified income inequality (YI) as an endogenous determinant of population health 
(H) in the aggregate HPF and YI was expected to depend on average income level of 
the target population(Y), employment (Emp) and education levels (Edu) of the 
population in addition to their current health status and demographic factors (such as, 
gender):  
YI = F (Edu, Y, Emp, Gender) ……………………………..(Eq.3) 
This study used the Gini coefficient to measure the income inequality variable, 
while age-dependency ratio (children and 65+old to the labour force of 15-64 age 
group) and population above 65 years measured the age distribution factor and 
current population health status. However, the anticipated sign of association is an 
unknown a priori, as income inequality can affect the high income group as well 
through stress, unhealthy diet and physical inactivity (Wilkinson 1996). Following 
established macroeconomic relationships, income inequality was captured by labour 
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wage per capita, household expenditure per capita, in addition to other 
socioeconomic variables.  
5.2.2 Preparation and Sourcing of Data  
The data set included annual time series information on various measures of 
health status (life expectancy at birth, mortality and morbidity), health care resources 
and utilisation, health expenditures per capita, income inequality and information 
relating to population demographics, nonmedical determinants of health (alcohol and 
tobacco consumption, fruits and vegetable consumption) for the period from 1960-
2005.  
In reality, it is likely that there would be various factors affecting population 
health, which remain unobserved and hence, are omitted when a model specification 
is made. In addition, there are some factors that may affect the population health 
status indirectly through an endogenous or explanatory variable, in the HPF model. 
In this kind of situation, it is a common practice to use instrumental variables (IV) in 
econometric analysis. These IVs do not appear in the model as explanatory variables. 
By definition, use of IVs in an economic model provides consistent estimation when 
the endogenous explanatory variables (covariates) are correlated with the error terms 
of a regression relationship. The IVs are used to control for confounding and 
measurement errors in observational studies so that causal inferences can be made. 
Though IVs are primarily used in the economic analysis, these have recently been 
integrated into epidemiological analysis (Stukel et al. 2007, Beek et al. 2003). 
Therefore, to explain how Australian population health is influenced by various 
health and non-health determinants, IVs were included in the current HPF model. 
Aggregate time series data was primarily compiled from the OECD Health 
database, while the ABS data was incorporated to address data gaps on health status 
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(life expectancy, mortality and morbidity) and health expenditure as necessary. The 
data on education level and population were collected from the ABS published 
database. Time series data on income inequality and Gini Coefficient were sourced 
from UNU-WIDER (United Nations University – World Institute For Development 
Economics Research) database.  
5.3 THE EMPIRICAL MODEL 
5.3.1 The Model Specification 
The discussion on the economic model framework suggests that population 
health status is dependent on a range of variables and in reality some are determined 
simultaneously with health. Specifically, while population health status is affected by 
the existing health inequality within a population group, health inequality itself is 
influenced by the existing health conditions. The same applies to the variable 
measuring demand for health care services – both health status and population 
demand for health care services impact each other and are determined 
simultaneously.  
For example, when an asthma patient seeks the services of a doctor to feel 
better (positive health gain), the patient’s health status is demonstrated as being 
dependent on the patient’s demand for health. At the same time, the doctor’s 
treatment (health service) is also determined by the requirements (health conditions) 
of the asthma patient. This, in turn, suggests that health of the asthma patient and the 
doctor’s services are inter-dependent. In this scenario, if only the asthma patient’s 
health is estimated as a function of the doctor’s services, a biased and inconsistent 
parameter estimate of health will be provided. The interdependency of these two 
variables needs to be recognised to obtain a less biased estimate, by determining both 
variables simultaneously. In econometric analysis (that uses time series information), 
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this can be achieved by applying a simultaneous equation system with two equations. 
Basically, the number of endogenous variables in an equation defines the number of 
equations to be estimated simultaneously. 
Consequently, a Health Production Function (HPF) model was developed in 
this section using a simultaneous equation system, where population health output 
(Y1) was determined by two endogenous variables - demand for health services (Y2) 
and health inequality (Y3) and a range of economic, lifestyle, demographic and 
environmental factors. With three endogenous variables, Y1, Y2 and Y3, the 
economic model was specified with three equations as follows: 
Y1 t   =  1 + 1 X1 t + 2 X2 t + 3 X3 t + 4 X4 t + 5 Y2 t + 6 Y3 t +  u1 t   ..............   (E.1) 
Y2 t   =  2 + 7 X2 t + 8 X3 t + 9 X5 t + 10 X6 t + 11 Y1 t + 12 Y3 t +  u2 t ............ (E.2) 
Y3 t   =  3 + 13 X2 t + 14 X6 t + 15 X7 t + 16 X8 t + 17 Y1 t  + 18 Y2 t +  u3 t....... (E.3) 
Where,  i  (i = 1,.....,18) are estimated coefficients, j ( j =1,2,3) are estimated 
constant values, Ym (m = 1.2.3) are dependent and X n (n = 1,2....8) are 
explanatory variables, while u k t ( k = 1,2,3) are error terms in each equation 
and t denotes years. The list of variables used are: 
Y1   LEXPtot life expectancy at birth of total population 
 LEXPmale life expectancy at birth of total male population 
 LEXPfem life expectancy at birth of total female population 
 ALOSday average length of stay in acute health care in terms of number 
of days 
Y2 GPCONpc per capita general physicians consultations 
Y3  YINEQ income inequality indicator, measured by Gini Coefficient 
X1 HEXPpc per capita health expenditure (public and private health 
spending) 
X2 EDUBGfem 
/EDUBGtot 
ratio of undergraduate female to total undergraduate students 
X3 POP65 population over 65 years of age 
X4 TOBCOpc per capita tobacco consumption 
X5 FRVEGpc per capita fruits and vegetable consumption 
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X6 HHACEpc per capita household actual final consumption expenditure 
(including transfer payments and subsidies) 
X7 WAGEpc per capita average wage earnings 
X8 LABPOP ratio of labour force (15-64 age group) to total population 
 
Here E.1 represents the aggregate Health Production Function (HPF) 
expressing the health status as a function of economic variable (Y3), health care 
variables (X1, Y2), lifestyle variable (X4) and socio-economic variables (X2, X3). 
Other equations, (E.2) and (E.3), denote household demand function for health care 
system and health - income inequality linkage respectively. Explanatory variables 
common to E.2 and E.3 are household actual income and female education level. As 
discussed in the previous section, income inequality was used as a proxy for the 
health inequality variable in this model specification.  
Thus, the household decision variables determining the health status were 
availability of medical service (consultations with doctor) and income inequality, 
while education level, household income and lifestyle indicators were control 
variables. The empirical model includes seven IVs: per capita health expenditure 
(HEXPpc), hospital beds per thousand persons (BEDpth), ratio of high education to 
undergraduate students (EDUHIGHtot/ EDUBGtot), per capita alcohol consumption 
(ALCHOpc), age-dependency ratio (AGEDEP ratio - children and 65+old to the 
labour force of 15-64 age group), population over 65 years of age (POP65) and ratio 
of labour force (15-64 age group) to total population (LABPOP). 
The three equations above constituted a simultaneous equation system where 
each equation had six explanatory variables and seven parameters to be estimated, 
making the system slightly over-identified. As it is difficult to incorporate all 
determinants of a health output in a quantitative estimation, using an over-identified 
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system was considered justified here. In addition, this study found that all IVs had 
enhanced the explanatory power of the estimated HPF. However, income inequality 
equation was exactly identified with reference to IVs.  
5.3.2 Choice of Endogenous Variables 
Time series data may suffer from a trend bias leading to spurious regression 
results while estimating relationships between identified variables. Therefore, it is 
important to know whether variables of interest share a genuine long run 
relationship. Accordingly, this study first conducted a unit root test to validate the 
stationary properties of the variables, followed by co-integration tests of the 
identified variables – particularly, whether the order of integration was greater than 
zero.  
The results of the unit root tests are summarised in Table 5.1. The results 
indicate that the morbidity (ALOSday) variable was stationary at level, and could be 
used as a dependent health status variable in the model estimation. All other 
variables were found to be stationary in first difference or I(1). This confirmed that 
the Johansen co-integration test could be performed, as all of these variables were 
integrated of order one.  
The Johansen co-integration test results summarised in table 5.2 reveal that 
most of the variables identified as endogenous variables are co-integrated. That is, 
the data analysis supports a long-run stable relationship between health status, 
income inequality and health care variables in Australia during 1960-2005.  
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Table 5.1: Results of the Unit Root Test - Augmented Dickey-Fuller (ADF) 
ADF Test at I(0)  
 
 Variable          ADF Test Statistic              Test Critical Values                  Probability
 
    (DW Statistics)      (at 1%)    (at 5%)    (at 10%)  
 
LEXPtot                     0.2599    - 3.5777  -2.9252      -2.6007       0.9736
         (2.02)  
 
LEXPmale       0.4848    - 3.5777   -2.9252         -2.6006         0.9844 
         (2.02)  
 
LEXPfem       0.0493    - 3.5777    -2.9252     -2.6006       0.9582  
         (1.98) 
 
MORTphth        0.9487    - 3.5925    -2.9314     -2.6039       0.9953 
         (1.78) 
 
YINEQ                    - 1.3567    - 3.5847    -2.9281     -2.6022       0.5949 
          (1.63)  
 
GPCONpc      - 1.0470    - 3.5777    -2.9252     -2.6007       0.7287
          (1.83)  
 
ALOSday      - 3.686    - 3.5811     -2.9266     -2.6014      0.0076 
         (1.52)  
 
 
ADF Test at I(1)  
 
 Variable             ADF Test Statistic                Test Critical Values                             Probability 
 
     (DW Statistics)            (at 1%)        (at 5%)       (at 10%)  
 
LEXPtot                     - 6.6385      -    3.5812        -2.9266       -2.6014  0 
           (2.00) 
 
LEXPmale        - 6.5911          -3.5811         -2.9266       -2.6014  0 
           (2.00)  
 
LEXPfem        - 6.5582          -3.5811         -2.9266       -2.6014  0 
           (2.00) 
 
MORTphth        - 12.374          -3.5924         -2.9314       -2.6039  0
                  (1.75) 
 
YINEQ                   - 5.561          -3.5885         -2.9297       -2.6031  0 
            (1.96)  
 
GPCONpc         - 6.1008          -4.1706          -3.5107        -3.1855  0
             (2.01)  
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Table 5.2: Results of the Co-integration Test - Trace Test (Trace) and the 
                 Maximal Eigenvalue Test (ME) 
 
LEXPtot, GPCONpc and YINEQ  
 
 
Hypothesis          Eigenvalue         Trace Statistic    ME Statistic  Critical Value         MHM  
NONE*                                                                                 at 5% level                           
Probability   
 
Trace Test               0.4109                30.1118                                                 29.797        0.046 
ME Test      0.4109                                           23.2812        21.131       0.0245 
  
LEXPmale, GPCONpc and YINEQ  
 
  
Trace Test                0.4195   30.7823                                                29.797        0.0384 
ME Test      0.4195                                           23.929                      21.131       0.0197 
  
LEXPfem, GPCONpc and YINEQ  
 
 
Trace Test                 0.4022   29.723                                                   29.797         0.051 
ME Test       0.4022                                          22.638              21.131       0.0305
  
MORTphth, GPCONpc and YINEQ  
 
 
Trace Test                 0.5272   39.431                                                 29.797         0.003 
ME Test        0.5272                                          32.210       21.131       0.0009
  
NONE* denotes rejection of the null hypothesis of no integration at the 0.05 level. 
 
As the HPF in this model was estimated primarily to understand the nature of the 
association between population health and its determinants, instead of predicting 
health status using the model, the existence of a long run stability between 
endogenous variables of interest suggested that an investigation of the relationship 
using variables at level was possible. 
5.4 EMPIRICAL RESULTS 
A two stage least square (2SLS) regression method was applied to the 
empirical model to obtain consistent parameter estimates of the HPF for the period 
1960-2006 (Thornton 2002, Thornton & Rice 2008). The HPF estimation was based 
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on the long-run stable relationship observed between population health and its 
determinants, as well as annual data availability at the aggregate level on health, 
socio-economic, macroeconomic and lifestyle indicators. Although level form 
parameters may not be the best estimates, this paper presents estimated parameters 
using aggregate level data in Table 5.3, as these parameters were found co-integrated 
at level (see Table 5.2). 
This study suggests that increased per capita health expenditure and availability 
of health care service have improved life expectancy at birth in Australia overtime. 
This result was statistically significant at 5 per cent level, though the health 
expenditure parameter value was considerably small. From a policy perspective, this 
implies that policies aimed at expanding the health care system (such as better access 
to doctors and hospitals) may be more effective than increasing health benefit 
payments in improving population health.  
Income inequality was found to improve life expectancy at birth while 
widening morbidity in the estimated HPF (E.1) indicating that rising income 
disparity affected the health of both low and high income groups in Australia during 
1960-2005 period. The high income group population probably experienced more 
incidences of stress, unhealthy diet and physical inactivity, as reflected in the 
lifestyle behaviour variable (X4) – rising per capita tobacco consumption contributed 
to increased morbidity overtime. 
Surprisingly, female education level (X2) was observed to lessen life 
expectancy at birth, an indicator of longevity, though it also reduced disease burden 
(E.1 in Table 5.3). It is likely that highly skilled working women are suffering from 
work-stress and other adverse health effects. This is supported by the finding that 
highly educated females had a higher demand for health care in (Table 5.3: Y2 and 
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X2 in E.2). It is imperative that long run female education level may be an 
endogenous variable in reality and needs to be further investigated. However, when 
the morbidity indicator (ALOSday) was considered as a health output, female 
education level, aged population (65+age group) and lifestyle behaviour turned out to 
be the statistically significant long term determinants of Australian population health. 
That means, while increasing female education level assisted in improving 
population health over the long run by reducing morbidity, rising proportion of aged 
persons (65+ years) and tobacco consumption added to morbidity cases by increasing 
disease burden. 
Importantly, this study found that the choice of instrumental variables 
influenced the HPF estimates, which was expected given that this equation did not 
include a range of health determinants. The results show that seven identified socio-
economic instrumental variables - per capita health expenditure, age-dependency 
ratio, aged population, education level and alcohol consumption - were important 
instruments for explaining the HPF equation better in the model. In addition, tobacco 
consumption and the aging population were found to be significantly positively 
associated with the Australian health output, ALOSday. That is, lifestyle factors such 
as alcohol and tobacco consumption, as well as an aging population, influenced 
Australian population health overtime. This implies policies targeting smokers, 
alcoholics and the aged population are important for improving public health in 
Australia.  
Table 5.3 presents the long run household demand function estimated for 
health care service (Y2) during the period 1960-2005. A strong negative association 
was observed between actual household expenditure (a proxy for household income 
level) and the demand for health care service, with very small parameter values.  
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Table 5.3: Estimates for the Health Production Function Model Using 2SLS. 
Equation 1: HPF Estimated (1960-2005) 
Model      M1     M2      M3        M4  
Dependent (Y1)           LEXPtot        LEXPmale                 LEXPfem            ALOSday 
Adjusted R
2
                    0.929          0.947     0.930            0.945 
Explanatory            Coefficients       Coefficients           Coefficients  Coefficients    
Variables     (t-Statistics)       (t-Statistics)            (t-Statistics)   (t-Statistics)   
Constant         56.43           57.33      54.43                 - 23.659     
         (2.03)           (2.16)*                 (1.87)                  (-2.30)*     
 
(Y2)          3.19            2.88     3.48                   0.352      
        (2.35)*           (2.22)*                  (2.45)*                  (0.70)     
   
(Y3)                      0.185           0.18     0.19                    0.061    
        (1.57)          (1.64)       (1.55)          (1.41)    
 
(X1)         0.005           0.005      0.005                 - 0.0002     
         (3.51)*          (3.74)*                 (3.32)*                    (-0.38)     
 
(X2)       -12.696          -12.589                -12.354                  - 9.894     
        (-1.79)**                 (-1.86)**                 (-1.67)                   (-3.78)*     
 
(X3)       -1.322          -1.399                 -1.204                    2.005      
      (-0.90)           (-1.0)      (-0.78)                    (3.69)*     
 
(X4)        0.004           0.003                  0.005                    0.005      
        (0.87)           (0.75)                  (1.01)                    (2.80)* 
     
Equation 2 : Health Care Service Estimated (1960-2005) 
Dependent (Y2)    LEXPtot      LEXPmale           LEXPfem                 ALOSday   
Adjusted R
2     
           0.864         0.845              0.910                  0.967 
Explanatory Coefficients  Coefficients       Coefficients              Coefficients       
Variables  (t-Statistics)  (t-Statistics)       (t-Statistics)              (t-Statistics)      
Constant  -51.097                   -59.28                     - 45.246               -14.752      
   (-2.23)                   (-1.91)         (-2.54)                (-3.19)     
 
Y1)     0.606                    0.731              0.511                -0.325     
    (1.61)                   (1.44)                        (1.76)**                 (-1.53)    
   
(Y3)  -0.152                    -0.188          -0.12                 0.123      
  (-0.87)                    (-0.85)                      (-0.84)                 (3.63)*     
 
(X2)  6.036                   6.843             5.575                 2.786     
   (2.17)*                   (2.16)*         (2.23)*                 (0.93)    
 
(X3)  1.577                   1.84          1.417           1.586     
   (2.01)**                (1.93)**         (2.10)*                 (3.61)*     
 
(X5)   0.009                   0.01          0.007                 0.022     
  (0.31)                  (0.36)                        (0.29)                 (1.65)     
 
(X6)               -0.0004                -0.0005                       -0.0003               -0.0003    
   (-2.14)*                 (-1.93)**         (-2.25)*                (-3.16)*    
* denotes statistical significance at 5% level of confidence  
** denotes statistical significance at 10% level of confidence    
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This association implies households would produce better health with 
increased household income, through better living conditions and lifestyle behaviour, 
such as consumption of more fruits and vegetables and less tobacco and alcohol.  
Table 5.3 results also show that the current health status, female education 
level, household income and wage income reduced income inequality during the 
study period; while, as expected, rising health care service and lagged one year 
income inequality increased income inequality. The study showed that the long run 
income inequality was explained by its own lag form (Y3t-1) at 1 per cent significance 
level in all models, while other determinants showed expected signs. However, the 
explanatory power of the income inequality equation (E.3) was influenced by the 
choice of instrumental variables – particularly, age distribution, education level and 
lifestyle variables increased the adjusted R
2
 values. The estimated (E.3) is not 
reported in this paper as this equation suffered from a multi-collinearity problem in 
all models. However, the estimated HPF parameters from E.1 suggest that income 
inequality was an important long term health determinant in Australia.  
 
5.5 DISCUSSION 
The research reported here has constructed and estimated a household health 
production (HPF) model for Australia to identify the factors that determine public 
health gains associated with a policy intervention. While income inequality, per 
capita health expenditure and health care services have shown strong positive effects 
on the population life expectancy in the long run, female education level and ageing 
population were found to affect the life expectancy indicators adversely overtime in 
this study. Although a better female education level is expected to improve public 
health through improved health knowledge and practice, it is likely that highly 
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educated women with increased work responsibilities are subjected to harmful health 
effects like stress and unhealthy lifestyle. The results also suggest that income 
inequality has affected low income and high income groups through changed 
lifestyle behaviour. On the economic consequences, rising household income was 
noted to reduce household demands on the health care system in the long run, 
indicating that better living conditions contributed to better health; while the ageing 
population added to this demand pressure for health care services. Overall, lifestyle 
factors turned out to be important long term health determinants, along with socio-
economic determinants, in Australia. This information could help policy makers to 
determine cost effective mechanisms for providing optimum health services and the 
desired reallocation of health resources to optimise the gains from health 
expenditure.  
This study was also interested in the policy relevance of the statistical 
relationship shown by the HPF, measured by the elasticity of the explanatory 
variables. In order to obtain elasticities, the model was estimated in log-linear form, 
where the coefficient value for each parameter provided a measure of the health 
output (Y1) elasticity with respect to its determinants. However, the estimated 
elasticities were not found to be statistically significant, with the exception of the age 
distribution parameter (X3) and consequently, were not reported here. 
The identification of long term health determinants for the Australian 
population was achieved in this study. These findings could be improved with the 
inclusion of environmental factors, which were omitted due to data limitations. 
Moreover, this model could not be tested for structural breaks and other real 
economic changes during the study period due to lack of data. Hence, conducting a 
sensitivity analysis to test the robustness of the economic model developed is 
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earmarked as the next step of this analysis. In addition, more endogenous variables 
need to be included in the model system – one of which is female education level, as 
identified in the current model. Health inequality is likely to be a better determinant 
than income inequality, where population health determination is concerned, and this 
issue needs to be further researched. 
The estimated health production functions could be used by policy makers as a 
baseline or reference for policy development in non-health policy areas. That is, the 
health costs and benefits charts of the policy intervention in question could be 
calculated for the target population using these HPF parameter values. Examples of 
this application are air pollution mitigating policies, housing policies, welfare 
programmes for ageing population, etc. This long run HPF knowledge could also aid 
policy makers in identifying a target population and areas where interventions are 
most warranted to improve public health. For example, low income housing, better 
education facilities for women, enhanced access to general physicians, and increased 
vocational employment opportunities are potential strong non-health policies for 
improving the Australian population health status.   
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Chapter 6: A Case Study - Transport 
Emissions Abatement Policy 
This chapter presents a case study of transport externality as an application of 
the economic model developed in Chapter 4 using a Health Production Function 
(HPF) approach. While transport externalities have been addressed through a variety 
of policies and measures across the globe, policies aimed at reducing air pollution 
appeared to have been implemented over a range of measures (see Chart 4). In fact, a 
review of existing research has found that reduction of local air pollution caused by 
the transport sector has remained an effective and popular transport policy in most 
countries during the past decades, covering both developed and developing countries 
(Timilsina and Dulal, 2010). Therefore, this research chose the transport emissions 
abatement policy as the case study to validate the HPF model. 
Figure 6.1: Classifications of Policies & Measures to Reduce Transport Externalities  
                   (Road Transport) 
 
Source: Figure 1, pp.5, Timilsina and Dulal (2010) 
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In practice, there are various policies or measures to reduce air pollution 
generated by transport emissions - vehicle taxes and regulations (improved engine 
technology and emission standards), fuel excise, emission trading schemes, clean 
fuel subsidies, congestion charges, traffic monitoring, etc. However, all of these 
pollution abatement strategies aim to reduce the concentration level of air pollutants 
with most harmful effects on population health – carbon (monoxide and di-oxide), 
nitrogen oxides (NOx), particulate matters (PM10,PM2.5, PM1), sulphur di-oxide 
(SO2), volatile organic compounds (VOCs). This suggests that pollutant 
concentration level in the air can be considered an appropriate transport policy 
indicator. This is because when any harmful air pollutant’s concentration level falls 
due to a specific transport policy implementation, the policy is considered a success, 
as exposure to air pollution affects population health adversely (see section 2.8), 
policy driven reduction in the air pollution levels is expected to bring positive health 
benefits. 
Accordingly, this study estimated household health benefits from transport 
policies focused on reducing the three most prominent air pollutants as identified in 
the literature review (see Chapter 2). These are carbon (monoxide and dioxide), 
nitrogen oxides and PM10 (particulate matters). Consequently, annual per capita 
emissions of these three air pollutants were considered to be transport policy 
indicators in the case study.  
The case study was based on an updated HPF estimated for the period 1960-
2010 compared to the estimated HPF presented in Chapter 5. This chapter is 
organised into nine sections. Section 1 discusses the context of health benefits 
quantification of transport emissions. Section 2 describes the economic model for 
empirical estimation incorporating policy variables, followed by the estimated health 
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inequalities across Australian local areas and within the NSW region as presented in 
section 3. The empirical model for estimation of health benefits is narrated in section 
4. Section 5 provides an overview of the data used for analysis, while section 6 
discusses the estimated Australian HPF during 1960-2010 based on the seven models 
of health status. The economic evaluation of the health benefits from the transport 
policy initiatives is discussed in section 7. The transferability of the estimated 
economic model is then discussed in section 8, using two examples. A brief 
conclusion derived from the case study is contained in the last section. 
6.1 QUANTIFYING HEALTH BENEFITS FROM THE POLLUTION 
ABATEMENT POLICY 
The preceding chapter developed an economic model to identify the long run 
health determinants of the Australian population during 1960-2005. To make this 
economic model more useful for the policy makers, this study used the model to 
estimate health benefits accruing to individuals from an intended transport policy 
initiative - reducing transport emissions. In transport policy, reduction of the ambient 
level of air pollutants from various modes of transport has attracted significant 
research attention in the last decade (Yaduma et al. 2013, Sen et al. 2010, World 
Bank 2007, BTRE 2005, Rosenberger and Loomis 2003, Pope et al. 2002, Kunzli et 
al.1999). Most of these studies used epidemiological relationships (damage cost 
functions) to estimate health outcomes (premature mortality and morbidity cases) of 
a population related to transport emissions and then calculated the monetary impacts, 
mainly using two approaches – Willingness to Pay (WTP) or Human Capital (also 
known as Cost of Illness (COI) or Life Cycle approach). The economic costs of 
health impacts in dollar terms are made using measures such as the value of 
statistical life (VSL) and the disability adjusted life years (DALY). 
  
Chapter 6: Case Study - Transport Emissions Abatement Policy 151 
More importantly, these studies used a benefit transfer method by applying the 
European epidemiological study findings on other countries population health, which 
has a high probability to under or over-estimate the health benefits of air quality 
related policy changes. This is because the initial health status of the population and 
the behavioural responses of households in one country could be significantly 
different from other countries for a given air quality change. The diversity in 
household socioeconomic characteristics and household economic conditions, as well 
as other unobserved household characteristics attribute to the differences in 
households behavioural responses. Therefore, it is important to estimate a model 
using the specific country data to obtain country specific estimates of the benefits 
from air quality changes. This chapter has made a contribution in this direction.  
The present study also considered various models of household health 
production functions (HPFs) to capture the diversity in the Australian household 
health characteristics and household socio-economic conditions. The study uses a 
HPF approach to derive the monetary impacts of a transport policy on the population 
health (Gerking and Stanley 1986), which is a straightforward and easy to calculate 
for policy purposes. 
6.2 THE ECONOMIC MODEL WITH TRANSPORT POLICY VARIABLES 
In theory, a Health Production Function (HPF) depicts the relationship between 
population health status (H) and its determinants, such as health care, as displayed in 
Figure 6.2 below. The slope of the HPF here is positive, assuming better health care 
improves population health. 
Consider a case where an improvement in the transport pollution levels from 
A0 to A1 increases (BD) health by more than a marginal increase in health care from 
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n to n+1 (BC). If the costs of the two measures were the same, then clearly 
increasing air quality would be preferable. 
Figure 6.2: Health Impacts of Reduced Transport Emissions 
.  
In order to implement a specific transport policy it is crucial to know the 
marginal effects of the policy and an estimated Health Production Function can 
derive these policy induced marginal effects. 
In the Australian context, this study investigated the long run time series 
annual data on three dominant air pollutants emitted by the transport sector – namely, 
total Carbon emissions (carbon di-oxides (CO2) and carbon mono-oxides (CO)); total 
Nitrogen emissions (nitrous oxides(N2O) and nitrogen oxides (NOx)) and particulate 
matter emissions (PM10). Epidemiological evidence has shown the adverse health 
impacts of these air pollutants, including premature mortality and severe morbidity – 
such as cardiopulmonary and certain respiratory health problems (World Bank 2007, 
BTRE 2005, DEC-NSW 2005, WHO 2000). This implies that a reduction in the 
emissions of these three pollutants is expected to improve population health by 
reducing certain categories of premature mortality and severe morbidity cases 
associated with these pollutants. Therefore, this study estimated the total emissions 
per capita of each of these three air-pollutants to determine the policy variables for 
A1 
A0 
Health care 
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the HPF model. Figure 6.3 shows how these air pollutants’ emissions per capita have 
changed over the last fifty years.  
Figure 6.3: Long-term movements in Transport Policy Variables, 1960-2010 
 
 
 
 
 
 
 
                              
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
As can be seen, both nitrogen emissions per capita (NOxemitpc) and 
particulate matter per capita (PM10pc) have dropped from 1980 onwards, while 
carbon emissions per capita (CARBONpc) have been rising continuously. The rise in 
the latter has shown the likely result of ongoing greenhouse gas effects, where 
Australian policies are yet to be seriously implemented. However, policies to reduce 
NOxemitpc and PM10pc through improved vehicle standards and wider road 
infrastructure to reduce congestion have appeared to work in bringing down their 
emission per capita. For the present study, these three variables were used as 
transport policy variables in the HPF to estimate the health benefits from the air 
pollutant abatement policy. The other policy initiatives for pollution abatement that 
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could be considered are regulatory policies like pollution taxes, marketable permits 
(emission trading) and market management. In reality, market management may 
increase pollution level in air quality, while the other initiatives are deliberated to 
reduce air pollution (Murty et al. 2003).  
In the HPF model estimated in this study, the health impacts of air pollution, 
caused by the transport sector, depended on the mitigating and preventive actions of 
the population to improve their health conditions, while reducing health inequalities. 
The household responses to the transport policy initiatives were considered at three 
levels. To begin, the effect of policy change on the household health (air quality) was 
expected to depend on the household’s response to the policy change. In the second 
level, the effect of air quality changes on the health services was determined by the 
behavioural responses of the users of those services to mitigate the pollution induced 
health effects. The reduction in health inequality was addressed at the third level as 
an averting action of the households. Finally, the monetary valuation of health 
impacts was influenced by the household’s perception of abatement values.  
Accordingly, the household Health Production Function model consisted of a 
system of three simultaneous equations:  
 health production function,  
 demand function for mitigating activities, and  
 health inequality function for preventive actions.  
As reduction of health inequality through policy intervention is a core element in the 
Health Impact Analysis (HIA), this HPF model can be easily incorporated into the 
policy assessment stage of a HIA. 
In this model, this study considered the Marginal Willingness To Pay (MWP) 
of an individual (or a household) for the improved air quality or in a reduction in 
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pollution (change in income/change in air-quality) as a sum of direct utility gains and 
indirect benefits from the improved health status through reductions in health 
expenditures either on preventive actions or on mitigating actions. The point to be 
noted here is that the Health Production Function does not usually capture the direct 
utility gains a household derives from the outdoor recreational or amenity services as 
a consequence of reduced air pollution. In practice, the estimation of direct benefits 
is based on the use of direct hypothetical observed methods of valuation like the 
contingent valuation method. Therefore, the benefits calculated from a HPF may be 
viewed to be underestimated as compared to the actual benefits of reduced air 
pollution (Murty 2003, Bartik 1988). 
To counter this bias, this study used a simultaneous equation system model 
where a representative household health derived two types of benefits: 
 direct benefits of improved air-quality through reduced health inequality, 
and  
 indirect benefits through reduced health expenditure.  
In the model, MWP for health benefits from a drop in air pollution (derived 
from the estimated HPF model) provides total benefits of pollution abatement 
policies – which is the sum of observable reductions in the cost of illness, cost of 
mitigating and preventive actions and the monetary equivalent of reduced health 
inequality. Thus, valuation of MWP using this model requires the estimation of 
health production function, the demand function and the health inequality function to 
be estimated as a system of simultaneous equations. 
For the empirical estimation of the model, this study used income inequality as 
a proxy for health inequality due to lack of time series information on health 
inequality. In fact, health inequalities for Australian local areas within a region were 
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estimated in this study for a specific period and are presented in the next section to 
show that health inequality indices do vary across regions, and  within regions. 
However, the lack of information prevents this study from estimating these health 
inequality indices over time annually during 1960-2010, as required by the economic 
model for estimation purposes. 
An age-related mortality inequality, using a Gini Index for Health concept 
(see Appendix D) could be constructed from the time series statistics on all-cause 
mortality rate (death per 100,000) for 18 different age-groups. A look at the 
movement of aggregate age related mortality inequality in Australia over the period 
1960-2010 reveals a rising trend over time (Figure 6.4). This implies that mortality 
incidences among Australian children have dropped overtime, due to better health 
services in terms of both access to health care infrastructure and technological 
advancement in medical treatment. 
Figure 6.4: Movement in Age-related Mortality Inequality, 1960-2010
 
From a policy point of view, this age-related mortality inequality only 
provides partial information, as it would indicate the policy impacts across different 
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age-groups. In reality, an effective policy induced change is expected to reduce the 
existing health-gap, if any, by spreading more equal distribution of its positive 
impacts across different income groups, Therefore, for assessing policy impacts on 
population health, an income related health inequality should be a proper endogenous 
variable to be considered in this model.  
However, a change in the income inequality indicator can also capture policy 
impacts through a change in the household’s health expenditure, which can actually 
indicate both mitigating and averting actions of the households to improve their 
health status. Therefore, this study considered income inequality to be a good proxy 
for health inequality in the empirical HPF model. Figure 6.5 below depicts the 
movement in the aggregate income inequality index in Australia over the past five 
decades. 
Figure 6.5: Income Inequality (Gini Index), 1960-2010 
 
When the Australian income inequality index is compared with the age-
related health inequality index over the period 1960-2010, an increasing trend is 
observed for both, though income inequality index has depicted a sharp cyclical trend 
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with three phases (Figure 6.5) – a decline during 1960-78 and 2000-03 and a 
continuous rise during 1978-2000 and 2003-10. In the current model, a rising income 
inequality is expected to have negative impacts on the population health as 
households have less affordability to access health care services to mitigate their 
health problems. This is because an increasing income inequality across different 
income groups suggests a declining relative income of households belonging to 
lower and middle income quartiles. However, the anticipated sign of association 
between income inequality and improvement in population health is unknown a 
priori, as income inequality can affect the high income group as well through stress, 
unhealthy diet and physical inactivity (Wilkinson 1996). 
6.3 HEALTH INEQUALITY ESTIMATES FOR AUSTRALIA 
This section presents and discusses estimated health inequalities across 932 
local areas in the overall Australian regions and around 200 local areas within the 
New South Wales (NSW) region as per the Australian Bureau of Statistics (ABS) 
Statistical Areas Level 2 (SA2) classification. Health inequality is measured at a sub-
regional local area level and is included in this chapter to demonstrate that population 
health in Australian regions has diverged significantly over time and hence, needs to 
be considered while estimating health impacts of transport investments and transport 
policies. 
In the previous and current chapter, this study presented an estimated HPF 
model with income inequality as a proxy for health inequality indicator. Though 
reduction of health inequality was considered as one of the core policy outcomes of 
the economic model developed by this study, the health inequality equation could not 
be empirically validated due to the lack of information required for investigating 
long run association.  
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The second hypothesis, H2, of this thesis argues that in reality, the socio-
economic factors which influence population health outcome varies significantly 
across local regions within a given geographical area – say a city or a region 
characterised by different population age groups, income groups, lifestyle and habits 
groups and health-status groups. This implies that HPF for each local area is likely to 
be different, indicating a range of diverse factors determining the health output of the 
local population. This, in turn, suggests that the relevant costs and benefits from a 
particular policy initiative are likely to differ between local areas within a region. 
Therefore, any transport initiatives aimed at providing the best possible outcomes to 
the local community needs to find out the existing association between the health 
status of the local population and its determinants. This could be partially true for 
population health at an aggregate level also, as seen in the previous section. In fact, 
Table 5.3 shows that depending on the indicator used to represent the population 
health output, one can get very different set of determinants of health and health 
parameters from the estimated HPF. As a consequence, household health benefits 
derived from different HPFs due to a specific transport investment program or 
specific transport policy induced changes can also vary. 
In practice, the policy assessments generally assume a uniform relationship 
between the target population health output and its determinants for all diverse local 
areas. This study estimated a range of health inequality indexes at local area levels 
for different population health characteristics. The local areas here refer to Statistical 
Area Level 2 (SA2) as defined by ABS (see Appendix E). With the exception of the 
age-related mortality inequality, all other health inequality indices were calculated as 
a point information. Instead of aggregate level, this study looked into the information 
available for different population health characteristics at a very small area level 
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(SA2) from the Australian Bureau of Statistics (ABS) database. Using the area level 
information, a set of health inequality index for 200+ Local Government Areas 
(LGAs) in New South Wales was constructed. These inequality indices were 
estimated using Gini Index concept, e.g. the income related health inequality index.  
The point to be noted here is that the current study has also constructed 
aggregate income related health inequality from household average weekly 
expenditure on health across five income quartiles, available from the ABS 
Household Expenditure Surveys conducted at 5 year intervals. Figure 6.6 presents 
the movements in the estimated income related health inequality during 1984 – 2010. 
The aggregate inequality index depicts a declining health gap between the top 20 % 
and lowest 20% of the Australian population during the last 25 years.  
Figure 6.6: Estimated Australian Income Related Health Inequality Index, 1984 – 2010  
 
However, this finding is in contrast with continuously rising age-related 
mortality inequality estimated and discussed in the previous section (Figure 6.4). 
This means that health inequality may not always be income related, suggesting that 
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people from all income groups, including the high income group (Franco et al. 2003, 
Schneiderman 2005, Vriezekolk 2011). 
Figure 6.7: Health Inequality Indices for Different Health Characteristics at Australia’s  
                     Local Areas within a Region (SA2 Level) 
 
Figure 6.7 above exemplifies a range of health inequality indexes estimated for 
200+ local areas in New South Wales (NSW). Health inequality across local areas is 
observed to be the maximum for avoidable road traffic injuries, followed by health 
inequality for avoidable respiratory diseases in the NSW region. High inequality is 
also noted in health care services (represented by GP services) across the local small 
areas within the region. The same holds true for existing health conditions for 
smokers and health care card holders across the region. 
Given these health inequalities across local areas in the NSW region, if the 
policy impacts on health were to be assessed, for example, reducing air pollution, a 
specific HPF model area and policy induced health benefit charts would need to be 
estimated. The current practice of assigning a particular aggregate health value 
(value of statistical life, disability adjusted life years, cost of illness, etc.) across all 
local areas within a region to derive health costs and benefits of any policy initiatives 
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appears to be inappropriate. This is because these values are likely to be biased and 
non-inclusive of important local population specific health information. 
This study also calculated the health inequality index for selected health 
conditions across all Australian local areas (about 932 local areas) following ABS 
Statistical Area Level 2 (SA2) classification.  
Figure 6.8 shows the health inequality indexes estimated for 2007-08 and 
confirms the existence of a wide population health gap across 932 local areas for a 
range of chronic health conditions. 
Figure 6.8: Estimated Health Inequality Index For Selected Health Conditions Across  
                    Australian Local Areas at ABS SA2 Level, 2007- 08 
 
The extent of special inequalities varied from 39 per cent in female 
osteoporosis to 34.7 per cent in high cholesterol. Chronic health conditions such as 
asthma and respiratory system disease, which are adversely affected by air pollution, 
were found to have inequalities above 35 per cent across 932 local areas. This means, 
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conditions of the local population, the extent of air-quality improvements would 
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differ across these 932 areas. An exercise of benefit estimation from the intended 
transport policy for pollution abatement could be applied here using a local area 
based HPF model. The estimated health benefits are likely to differ across local areas 
with different population age groups, their socio-economic characteristics and their 
access to health care services. Therefore, to attain a particular safe level of ambient 
air quality, area-specific health impacts of the intended policy needs to be assessed. 
6.4 THE EMPIRICAL MODEL 
Based on the HPF model estimated in the previous chapter, the economic 
model is specified below with a range of identified variables on health output, health 
care services, lifestyle, education (particularly female education), household income 
and air quality. Unlike the previously estimated model, here all equations are 
expressed in logarithmic forms (double log equations) for the following reasons: 
 Following Cobb-Douglas Production Function, the study assumed a non-linear 
relationship between health status and its determinants, which could be 
transformed to a linear equation using logarithmic values for all variables (see 
Appendix D). 
 As time series data involves trend elements, all dependent (endogenous) and 
explanatory (exogenous) variables of this HPF model were tested for 
stationarity and co-integration. All nine endogenous variables were found 
stationary at first difference level and co-integrated indicating an existence of 
long-run association between all of these variables (see section 6.5.1). As the 
log of a variable indicates the rate of change in the variable, this study 
considered double-log equations to be the most appropriate for capturing the 
movement in a variable over time in the HPF estimation.  
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 In addition, this study was interested in determining how population health 
status responded to a change in its determinants. In economic analysis, the 
extent of change (usually certain percentage) in a variable due to a specific 
change in another variable is known as elasticity. In a logarithmic equation, it 
is easy to estimate the elasticity, as estimated parameters measure elasticity 
directly from a log-log equation (see Appendix D). Therefore, the current HPF 
model expressed all three equations in log – log form to derive the health 
elasticity figures with respect to transport policy variables. That is, the 
estimated parameters from a double log equation can directly show the extent 
of change in health status or health demand of an individual or group to a 
percentage change in its determinants (see Appendix D).  
Moreover, air-quality variables were introduced in this model as policy variables to 
quantify the health benefits of a transport emissions abatement policy.  
 The empirical model was specified as follows:. 
LY1 t   =  1 + 1 LX1 t + 2 LX2 t + 3 LX3 t + 4 LX4 t + 5LX5 t + 6 LX6 t + 7LX7 t  
+ 8 LY2 t + 9 LY3 t +  u1 t                                                                                           (E.4) 
LY2 t   =  2 + 10 LX1 t +11 LX3 t +  12 LX5 t + 13 LX6 t + 14LX7 t + 15 LX8 t +  
16 LY1 t + 17LY3 t +  u2 t                                                                           .             (E.5) 
LY3 t   =  3 + 18 LX1t + 19 LX5t + 20LX6 t + 21 LX7 t + 22 LX9 t + 23 LX10 + 
              24 LY1 t  + 25LY2 t + B26L(ALOSday) t+ u3 t......                                          (E.6) 
 
Where,  i  (i = 1,.....,24) are estimated coefficients, j ( j =1,2,3) are estimated 
constant values, Ym (m = 1.2.3) are dependent and X n (n = 1,2....8) are 
explanatory variables, while u k t ( k = 1,2,3) are error terms in each equation 
and t denotes years.  
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The list of variables used were: 
LY1   L(LEXPtot) Log (life expectancy at birth of total population) 
 L(LEXPmal)e Log(life expectancy at birth of total male population) 
 L(LEXPfem) Log(life expectancy at birth of total female population) 
 L(MORTrat)e Log(All cause mortality rate (per 100,000 people)) 
 L(ALOSday) Log(average days of stay in acute health care) 
 L(PYLLmale) Log(Potential years of life lost for males) 
 L(PYLLfem) Log(Potential years of life lost for females) 
LY2 L(HEXPpc(-1)) One year lagged Log (per capita health expenditure ) 
LY3  L(YINEQ) Log(income inequality, measured by Gini Index) 
LX1 L(ALCOpc) Log(per capita alcohol consumption) 
LX2 L(GPCONpc) Log(per capita general physicians consultations) 
LX3 L(EDUHEfem 
/EDUHEtot) 
Log( ratio of higher education female to total higher 
education students) 
LX4 L(POP65) Log (population over 65 years of age) 
LX5 L(CARBONpc) Log(per capita carbon emissions by transport sector) 
LX6 L(NOXEMITpc) Log(per capita NOx emissions by transport sector) 
LX7 L(PM10pc) Log(per capita PM10 emissions by transport sector)  
LX8 L(HHFCEpc) Log(per capita household final consumption expenditure)  
LX9 L(EDUHEtot) Log(total higher education graduate students) 
LX10  L(WAGEpc) Log(per capita average wage earnings) 
 
The equations (4), (5), and (6) constituted a simultaneous equation system 
with three endogenous variables and ten exogenous variables. Equation 4 depicted 
the household Health Production Function expressing the health status (Y1) given in 
terms of seven indicators (life expectancy at birth separately for males, females and 
total; all cause total mortality rate, potential years of life lost separately for males and 
females and morbidity as average length of acute care days) as a function of 
mitigating health expenditures (one year lag), income inequality, preventive actions 
(visit to general physicians), lifestyle factor (alcohol consumption), female 
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education, age factor (population over 65yrs) and exposure to pollution (three 
transport policy variables). In this model, the household decision variables 
determining the health status were mitigating health expenditures and income 
inequality while the existing health conditions, lifestyle, education and preventive 
actions were control variables.  
As the intention of this study was to quantify the health impacts of transport 
policy to reduce air pollution, three policy variables were used in all three equations 
to derive the household’s Marginal Willingness To Pay (MWP) to have better air 
quality. Visits to doctors or GPs (GPCONpc) were also considered to be a common 
variable to all equations, as a rational household was expected to take preventive 
actions to improve their health status. However, in contrast to the HPF model 
estimated in the previous chapter, GPCONpc was considered an exogenous variable 
here and instead, health expenditure per capita (HEXPpc) was used as the 
endogenous variable (Y2) in the health care demand function. 
Equation 5 (E.5) represented the household demand functions for mitigating 
and averting actions. Health expenditure made in previous year [HEXPpc(-1)] was 
considered to be a better demand indicator here, as improvement in health was likely 
to have a lagged impact from health care services used. However, household demand 
for mitigating actions was expected to be influenced by current household income, 
because of the household’s budget constraint. In reality, household awareness on 
health conditions and mitigation knowledge also affect household demand for 
mitigating actions and the female education variable was used to capture this, based 
on the findings from the estimated HPF in the previous chapter.  
Empirical evidence has suggested a strong association
 
between income and 
health indicating
 
an inter-dependence between employment status, income, and 
  
Chapter 6: Case Study - Transport Emissions Abatement Policy 167 
health (Stronks et al. 1997, Lahelma et al. 2005). This implies that existing income 
inequality is expected to narrow as the employment level increases, which in turn is 
positively influenced by higher education attainment. Therefore, the income 
inequality equation (E.6) in this model was explained by earnings of employed 
individuals (wage earnings) and total higher education variables, in addition to health 
status, households mitigating and preventive actions, and transport policy variables.  
The expected association between different endogenous variables (expressed 
by seven models – M1 to M7) and a range of exogenous variables considered in the 
HPF model for three simultaneous equations (E.4, E.5 and E.6) are presented in 
Table 6.1 using positive and negative signs. The sign of the estimated wage 
parameter in Equation 3 is not a known a priori, it can exhibit either sign depending 
on the extent of wage differentials (driven by differences in occupation, 
qualifications or skills and industry) existing within the working group. 
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Table 6.1: Expected Signs of Estimated Coefficients in the HPF Model 
 
 
Equation 1:  Health Production Function Estimated in Log-linea Form (1960-2010)
Model       M1       M2        M3            M4 M5 M6 M7
Dependent Variable (Y1):   Health 
Status     
Total Life 
Expectancy
Male Life 
Expectancy
Female Life 
Expectancy
All Cause 
Mortality
Potential Life 
Years Lost 
(Male)
Potential Life 
Years Lost 
(Female)
Acute 
Morbidity
Income Inequality - - - + + + +
Health Expenditure(-1) - - - + + + +
Alcohol consumption per capita - - - + + + +
Ratio of Female to Total  Students 
in High Education + + + - - - -
Population over 65yrs - - - + + + +
Carbon Emissions Per Capita - - - + + + +
Nitrogen Emissiosn Per Capita - - - + + + +
PM10 Emissions Per Capita - - - + + + +
GP Consultation Per Capita + + + - - - -
Equation 2 :  Demand For Health Care Service Estimated in Log Linear Form (1960-2010)
Total Life 
Expectancy
Male Life 
Expectancy
Female Life 
Expectancy
All Cause 
Mortality
Potential Life 
Years Lost 
(Male)
Potential Life 
Years Lost 
(Female)
Acute 
Morbidity
Income Inequality - - - - - - -
Health Status - - - + + + +
Ratio of Female to Total Students in 
High Education + + + + + + +
Carbon Emissions Per Capita + + + + + + +
Nitrogen Emissiosn Per Capita + + + + + + +
PM10 Emissions Per Capita + + + + + + +
Household Total Expenditure Per 
Capita + + + + + + +
GP Consultation Per Capita + + + + + + +
Equation 3 :  Income Inequality Equation Estimated in Log Linear Form (1960-2010)
Total Life 
Expectancy
Male Life 
Expectancy
Female Life 
Expectancy
All Cause 
Mortality
Potential Life 
Years Lost 
(Male)
Potential Life 
Years Lost 
(Female)
Acute 
Morbidity
Health Expenditure(-1) - - - - - - -
Health Status - - - + + + +
Carbon Emissions Per Capita + + + + + + +
Nitrogen Emissiosn Per Capita + + + + + + +
PM10 Emissions Per Capita + + + + + + +
Total Higher Education Students - - - - - - -
Wage Earnings Per Capita - or + - or + - or + - or + - or + - or + - or +
AcuteCare Morbidity + + + + + +
GP Consultation Per Capita + + + + + + +
Dependent Variable (Y2):                  
Health Expenditure(-1)
Health status (Y1) in terms of
Dependent Variable (Y3): Income 
Inequality
Health status (Y1) in terms of
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6.5 DATA ANALYSIS 
As described in the previous chapter, the data set to estimate this empirical 
model included annual time series statistics on various measures of health status (life 
expectancy at birth, mortality rate, potential years of life lost and morbidity), health 
care resources and utilisation (visit to doctors, hospital bed availability), health 
expenditures, income inequality and information relating to population 
demographics, household income, nonmedical determinants of health (alcohol 
consumption, higher education attainment, female education), environmental 
variables (transport emissions – total carbon emissions, total nitrogen emissions and 
emissions of particulate matters, PM10), which were also the policy parameters for 
the period from 1960-2010.  
 Aggregate time series data was primarily compiled from the OECD Health 
database, while the ABS data was incorporated to update the time series to 2010 and 
to address data gaps on health status (life expectancy, mortality and morbidity), 
household income, income inequality and health expenditure as necessary. The data 
on education level, health indicators including mortality rate by age groups at 
disaggregated local area level (ABS SA2 classification and population) were 
collected from the ABS published database. Time series data on income inequality 
and Gini Coefficient were sourced from UNU-WIDER (United Nations University – 
World Institute For Development Economics Research) and then updated using ABS 
information. Data on emissions from the Australian transport sector was compiled 
from published BITRE (Bureau of Infrastructure, Transport and Regional 
Economics) database.  
 The long run movements in the nine endogenous variables used to estimate 
the HPF model are shown in Figure 6.9. As expected, population health status 
 Chapter 6: Case Study - Transport Emissions Abatement Policy 170 
measured in terms of life expectancy at birth showed an increasing trend, while 
health status in terms of all-cause mortality rate, potential years of life lost and 
morbidity declined over time during 1960 -2010 period. The other two endogenous 
variables, health expenditure and income inequality, also exhibited a rising trend 
over the same period.  
 However, in the case of exogenous variables considered in this model, a 
rising trend over time was noted for most variables – six out of nine (Figure 6.10), 
which are indicators of household income, education attainment, female education, 
aging population (over 65yrs) and visit to doctors. In contrast, lifestyle factors like 
alcohol consumption and age-dependency ratio displayed a decline over time – these 
changes were positive for household health.  
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Figure 6.9: Long run Movements in Endogenous Variables, 1960-2010 
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Figure 6.10: Long-term movements in Exogenous Variables, 1960-2010 
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 In reality, a continuous fall in the exogenous variable hospital beds per 
thousand population (BEDpth) over time is a matter of concern as it indicates the gap 
in the health care service availability to households. Therefore, the present study 
used this variable as an instrument in the model, in addition to demographic, 
economic and non-medical socio-economic variables.  
A descriptive statistic of all transport policy variables used in estimating the 
empirical model in this study is provided in Table 6.2 below. Transport policy 
variables are discussed in an earlier section (see section 6.2) and the temporal 
movements in transport policy variables are shown earlier in Figure 6.3. In addition, 
a descriptive statistic of all endogenous and exogenous variables used is presented in 
Tables 6.3 and 6.4.  
Table 6.2: Descriptive Statistics of Transport Policy Variables  
 
 
 
 
 
Statistics
Total Annual 
Carbon 
Emissions Per 
Capita ('kg)
Total Annual 
Nitrogen Oxides 
Emissions Per 
Capita (kg)
Total Annual 
Particulate Matter 
(PM10) Per Capita 
(kg)
 Mean 3969.57 32.75 1.76
 Median 4206.52 32.68 1.99
 Maximum 4922.27 38.63 2.19
 Minimum 2597.58 22.59 0.96
 Std. Dev. 713.96 4.24 0.41
 Skewness -0.63 -0.48 -0.72
 Kurtosis 2.05 2.58 1.99
 Jarque-Bera 5.35 2.36 6.75
 Probability 0.07 0.31 0.03
 Sum 206417.60 1703.16 91.39
 Observations 52 52 52
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       Table 6.3: Descriptive Statistics of All Endogenous Variables 
 
Table 6.4: Descriptive Statistics of All Exogenous Variables
 
Statistics
Total Life 
Expectancy at 
Birth
Male Life 
Expectancy at 
Birth
Female Life 
Expectancy at 
Birth
Mortality 
Rate
Male 
Potential Life 
Years Lost
Female 
Potential Life 
Years Lost
Morbidity
Income 
Inequality
Per Capita 
Health 
Expenditure  
(-1)
 Mean 75.81 72.74 78.83 963.36 7321.17 4129.29 7.42 31.75 1568.30
 Median 75.95 72.70 79.10 921.73 7104.10 3886.20 7.25 31.00 1065.00
 Maximum 82.00 79.70 84.20 1380.81 10955.10 6607.00 11.50 38.30 5501.00
 Minimum 70.70 67.40 73.90 569.95 3632.10 2069.50 5.00 26.10 63.00
 Std. Dev. 3.76 4.10 3.42 269.21 2638.56 1565.07 1.60 3.21 1543.89
 Skewness 0.08 0.19 -0.05 0.13 0.10 0.29 0.52 0.32 0.96
 Kurtosis 1.66 1.68 1.66 1.63 1.50 1.57 2.72 2.37 2.90
 Jarque-Bera 3.95 4.08 3.94 4.19 4.84 5.03 2.48 1.69 7.86
 Probability 0.14 0.13 0.14 0.12 0.09 0.08 0.29 0.43 0.02
 Sum 3941.90 3782.40 4099.20 50094.66 373379.70 210593.90 386.00 1619.43 79983.46
 Observations 52 52 52 52 51 51 52 51 51
Statistics
Per capita 
Household 
Total 
Expenditure 
($)
Average 
Wage 
Earnings Per 
Capita ($)
Alcohol 
Consumption 
Per Capita 
(ltr)
Female High 
Education to 
Total High 
Education 
Students 
(ratio)
Total High 
Education 
Students 
(No.)
Population 
over 65yrs 
(percent)
Age 
Dependency 
Ratio
Hospital Beds 
per 1000
GP 
consultation 
Per Capita 
(No.)
 Mean 12228.21 10468.43 11.02 0.42 437703.30 10.55 53.27 6.37 4.91
 Median 9722.00 8600.50 10.63 0.48 370016.00 10.40 50.90 6.20 5.40
 Maximum 33977.18 29830.36 13.09 0.55 1192700.00 13.80 63.50 9.70 6.80
 Minimum 994.00 805.00 9.34 0.20 28792.00 8.30 45.41 3.76 2.70
 Std. Dev. 10357.41 8719.58 1.13 0.14 352834.00 1.82 5.39 2.07 1.52
 Skewness 0.59 0.63 0.52 -0.63 0.47 0.18 0.48 0.06 -0.19
 Kurtosis 2.08 2.23 1.98 1.61 2.12 1.54 1.98 1.42 1.33
 Jarque-Bera 4.83 4.68 4.50 7.49 3.52 4.93 4.29 5.36 6.23
 Probability 0.09 0.10 0.11 0.02 0.17 0.09 0.12 0.07 0.04
 Sum 635866.90 544358.50 561.82 21.49 22322868.00 548.50 2770.25 325.02 250.40
 Observations 52 52 51 51 51 52 52 51 51
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6.5.1 Tests for Variables Used 
As discussed in the previous chapter, all endogenous variables used in the 
estimation of HPF in this chapter were tested for stationarity, cointegration and 
endogeneity. Following Augmented Dickey-Fuller (ADF) test for unit root, this 
study found all nine endogenous variables were stationary in the first difference, that 
is I(1). All of these variables being integrated of order one, allowed the Johansen co-
integration test to be conducted on these endogenous variables to assess their long 
run association. The Johansen co-integration test results revealed that most of the 
variables identified as endogenous variables were co-integrated. That is, the data 
analysis supported a long-run stable relationship between health status, income 
inequality and health care variables in Australia during 1960-2010, as seen earlier for 
the period 1960-2005 (see Table 5.2).  
In addition, the Hausman test for endogeneity of one-year lagged per capita 
health expenditure (Y2) and income inequality (Y3) was performed to ensure the 
simultaneous equation system was the best fit for estimating the HPF model. The test 
results are summarised in Table 6.5. 
Table 6.5: Endogeneity Test Results for Y2 and Y3  
 
 
 Endogeneity Test For Variables
Total Life 
Expectancy
Male Life 
Expectancy
Female Life 
Expectancy
All Cause 
Mortality
Potential Life 
Years Lost 
(Male)
Potential Life 
Years Lost 
(Female)
Acute 
Morbidity
Difference in J-statistic 5.031 2.648 6.716 7.805 3.220 9.101 10.239
(Probability) 0.081 0.266 0.035 0.020 0.200 0.011 0.006
J-stats from Restricted Eqn 6.457 3.477 7.724 7.966 4.254 9.233 10.239
(Probability) 0.091 0.324 0.052 0.047 0.235 0.026 0.006
J-stats from Unrestricted Eqn 1.425 0.829 1.009 0.161 1.034 0.132 0.000
(Probability) 0.233 0.363 0.315 0.688 0.309 0.717 0.000
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The Hausman test findings summarised in Table 6.5 above reveal that except 
for the morbidity equation (no. of acute care days), the endogeneity of Y2 and Y3 in 
all other health status equations was not rejected as differences in J-statistic 
calculated from Restricted and Non-restricted 2 Stage Least Square (2SLS) 
Regression were significantly different from zero and positive. Accordingly, the 
study used morbidity as an instrument in the estimation of the HPF model. However, 
as the study was interested in determining the known morbidity impacts of a 
pollution abatement policy and ADF test for unit root has shown an I(1) for this 
variable, this study also used this morbidity indicator as an endogenous variable in 
the HPF model. The justification of this treatment of morbidity variable also comes 
from its co-integrated association with other two endogenous indicators of the HPF 
model – namely income inequality and one-year lagged health expenditure per 
capita. The point to be noted here is that the health inequality equation using 
morbidity as an explanatory variable was modified when morbidity variable was 
used as a health status output in the HPF model. 
 
6.6 EMPIRICAL FINDINGS 
 
The aggregate HPF model specified with three simultaneous equations 
system was estimated using the 3 Stage Least Square (3SLS) method for the period 
1960-2010. Parametric estimates of the HPF model for equations (4), (5) and (60) are 
provided in Table 6.6. Each of these three equations were estimated using seven 
indicators of household health status: total life expectancy, male life expectancy, 
female life expectancy, all-cause mortality, potential life years lost (male), potential 
life years lost (female) and morbidity (number of acute care days).  
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Table 6.6 (Equation 1) reveals that five out of nine parameters in the Health 
Production Function turned out to be significant with expected signs in all of seven 
models. These were income inequality, consultations with GP, female education, 
population over 65years and transport emissions of PM10.  Nitrogen oxides emission 
was found to affect health status in terms of life expectancy (total and male) 
negatively and morbidity positively, as expected. However, its effect on potential life 
years lost and female life expectancy showed the opposite signs to what was 
expected.  
In the case of carbon emissions from the transport sector, a positive 
association was expected with life expectancy variables due to third party factors - 
such as greenhouse gas effects (see Figure 6.11). However, the statistical 
insignificance of the health expenditure per capita variable in the HPF came as a 
surprise in spite of its cointegrated long run associations with health status indicators 
and this issue should be explored in depth (separately) in future.  
Figure 6.11: Long term Movements in Life Expectancy and Carbon Emissions 
 
As this study looked into the estimated parameters from the demand for 
health care services represented by one year lagged health expenditure per capita 
variable, it found a well explained household demand function by its identified 
determinants (Table 6.6, Equation 2). Most explanatory variables came up with the 
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expected signs and significant t-values. While income inequality, existing health 
conditions and air pollution from transport (in terms of NOx and PM10) showed a 
negative association with health expenditure, a positive association was detected with 
consultation with a GP, female education and household income. Households were 
likely to reduce their spending on preventive health actions, when income inequality 
rose as lower income group households shifted their spending priorities to more 
necessary household expenses, like mortgage or food expenses. Households also 
tended to cut their health expenditure on preventive actions if they were expecting a 
reduction in the air pollution level in future. 
In Table 6.6, transport related carbon emissions per capita variable was found 
to have a significant positive relationship with household health expenditure 
suggesting that with an increased carbon emissions level, households tended to spend 
more on preventive and mitigating health problems associated with carbon emissions 
(such as certain respiratory health problems). 
In the estimated income inequality equation (Equation 3), the morbidity 
model was seen to be the better fit out of the seven models to explain the long run 
income inequality in Australia during the last five decades. As this study considered 
income inequality as a proxy to health inequality, the results needed to be assessed 
from the health inequality reduction viewpoint. As expected, mitigating and 
preventive household actions in terms of lagged health expenditure were found to be 
effective in reducing inequalities, while increasing carbon emissions and morbidity 
were noted to widen inequalities. Surprisingly, though eight out of nine explanatory 
variables (including intercept term) in this equation were found to be statistically 
significant, only four parameters showed the expected signs. 
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 In fact, contrary to the model’s expectation, consultation with a GP and 
higher education showed a positive association with inequalities, while reduction in 
NOx and PM10 emissions were found to add to inequalities. This issue needs deeper 
exploration and will be revisited at a later date. This finding also implies that 
reduction in transport related carbon emissions would probably be more effective in 
reducing health inequalities in the Australian context, compared to reduction in NOx 
and PM10 emissions.  
Table 6.6: Estimated Economic Model using 3SLS Method 
 
Equation 1:  Health Production Function Estimated in Log-linea Form (1960-2010)
Model       M1       M2        M3            M4 M5 M6 M7
Dependent Variable (Y1):   
Health Status     
Total Life 
Expectancy
Male Life 
Expectancy
Female Life 
Expectancy
All Cause 
Mortality
Potential 
Life Years 
Lost (Male)
Potential 
Life Years 
Lost 
(Female)
Acute 
Morbidity
Adjusted  R
2                           0.995 0.996 0.994 0.992 0.996 0.992 0.912
DW Statistics 1.9 1.72 1.79 2 1.99 2.11 2.06
Explanatory Variables            Coefficients    Coefficients    Coefficients    Coefficients    Coefficients    Coefficients    Coefficients
t-Statistics t-Statistics t-Statistics t-Statistics t-Statistics t-Statistics t-Statistics
Constant 3.497 3.628 3.352 12.174 13.591 20.492 13.059
7.570 8.213 6.770 4.998 4.975 4.745 3.054
Income Inequality -0.063 -0.054 -0.071 0.168 0.555 0.844 1.647
-1.953 -1.689 -2.144 0.831 2.772 2.678 5.560
Health Expenditure(-1) -0.032 -0.020 -0.043 0.150 0.182 0.555 0.814
-1.151 -0.738 -1.420 1.282 1.097 2.129 3.034
Alcohol consumption per capita 0.061 0.051 0.074 -0.740 -0.263 -0.555 -0.207
2.375 2.002 2.536 -2.271 -1.534 -2.409 -0.698
0.022 0.014 0.027 -0.063 -0.087 -0.255 -0.304
1.629 1.057 1.820 -1.076 -1.059 -2.003 -1.687
Population over 65yrs 0.265 0.279 0.282 -2.284 -2.289 -3.149 -0.295
3.602 3.978 3.440 -3.771 -5.236 -4.656 -0.538
Carbon Emissions Per Capita 0.057 0.026 0.075 0.134 -0.110 -1.041 -2.371
0.817 0.390 1.036 0.355 -0.260 -1.563 -2.689
Nitrogen Emissiosn Per Capita -0.008 -0.015 0.003 -0.244 -0.198 -0.201 0.076
-0.558 -1.023 0.168 -1.668 -2.122 -1.353 0.351
PM10 Emissions Per Capita -0.062 -0.059 -0.058 0.391 0.546 0.693 1.387
-2.235 -2.193 -1.959 2.966 3.238 2.619 3.757
GP Consultation Per Capita 0.069 0.051 0.082 -0.216 -0.436 -0.916 -1.692
1.757 1.333 1.949 -1.110 -1.855 -2.467 -4.292
Green highlight denotes statistical significance at 5% level of confidence 
Blue highlight denotes statistical significance at 10% level of confidence     
Ratio of female to Total in High 
Education
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Table 6.6 (cont.): Estimated Economic Model using 3SLS Method 
 
  
Equation 2 :  Demand For Health Care Service Estimated in Log Linear Form (1960-2010)
Total Life 
Expectancy
Male Life 
Expectancy
Female Life 
Expectancy
All Cause 
Mortality
Potential 
Life Years 
Lost (Male)
Potential 
Life Years 
Lost 
(Female)
Acute 
Morbidity
Adjusted  R
2                            0.99 0.99 0.99 0.99 0.99 0.99 0.99
DW Statistics 1.87 1.79 1.8 1.77 1.84 1.82 2.06
Explanatory Variables Coefficients     Coefficients     Coefficients     Coefficients     Coefficients     Coefficients     Coefficients
t-Statistics t-Statistics t-Statistics t-Statistics t-Statistics t-Statistics t-Statistics
Constant 7.100 2.830 4.993 -13.718 -12.402 -12.284 -13.269
0.654 0.269 0.465 -6.349 -6.896 -6.637 -7.725
Income Inequality -0.652 -0.599 -0.686 -0.566 -0.591 -0.614 -1.508
-4.836 -4.358 -5.059 -4.226 -4.618 -4.737 -8.191
Health Status -4.063 -3.047 -3.608 0.468 0.274 0.200 0.703
-1.682 -1.314 -1.500 1.979 1.245 1.084 4.141
Ratio of female to Total in High 
Education 0.486 0.465 0.475 0.450 0.448 0.446 0.375
7.510 7.243 7.480 7.510 7.935 7.723 5.890
Carbon Emissions Per Capita 1.841 1.793 1.884 1.776 1.732 1.853 2.515
7.482 6.986 7.868 7.816 6.717 8.105 8.796
Nitrogen Emissiosn Per Capita -0.286 -0.298 -0.222 -0.219 -0.185 -0.179 -0.099
-2.110 -1.969 -1.817 -1.835 -1.728 -1.625 -0.719
PM10 Emissions Per Capita -1.013 -0.980 -0.954 -0.934 -0.939 -0.893 -1.339
-7.174 -6.343 -7.698 -6.911 -6.831 -7.799 -9.961
Household Total Expenditure Per 
Capita 0.539 0.545 0.511 0.562 0.525 0.482 0.214
4.588 4.314 4.608 6.443 4.957 5.125 2.372
GP Consultation Per Capita 0.831 0.777 0.853 0.681 0.769 0.811 1.538
5.135 4.700 5.318 4.250 5.058 5.352 8.990
Green highlight denotes statistical significance at 5% level of confidence 
Blue highlight denotes statistical significance at 10% level of confidence     
Health status (Y1) in terms of
Dependent Variable (Y2):                  
Health Expenditure(-1)
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Table 6.6 (cont.): Estimated Economic Model using 3SLS Method 
 
A positive relationship between average wage earnings and income inequality 
confirmed that wage dispersion across different employee groups (by occupation or 
by age groups or by industry) have widened over the years and that has influenced 
inequalities across household income significantly. 
In contrast to this study’s earlier HPF estimation (E.1) in the previous 
chapter, where consultations with GP were used as the Y2, this study was interested 
in assessing the lagged health expenditure per capita variable as an indicator of the 
mitigating action of the households during 1960-2010. Health expenditure made in 
the previous period was found to be more influential than current period health 
expenditure in the current HPF model in terms of providing more robust statistical 
Equation 3 :  Income Inequality Equation Estimated in Log Linear Form (1960-2010)
Total Life 
Expectancy
Male Life 
Expectancy
Female Life 
Expectancy
All Cause 
Mortality
Potential Life 
Years Lost 
(Male)
Potential Life 
Years Lost 
(Female)
Acute 
Morbidity
Adjusted  R
2                            0.768 0.815 0.809 0.783 0.816 0.815 0.887
DW Statistics 1.83 1.82 1.83 1.78 1.91 1.8 1.91
Explanatory Variables Coefficients     Coefficients     Coefficients     Coefficients     Coefficients     Coefficients     Coefficients
t-Statistics t-Statistics t-Statistics t-Statistics t-Statistics t-Statistics t-Statistics
Constant -2.582 -2.650 -2.358 1.354 1.700 1.648 -9.454
-0.151 -0.156 -0.134 0.207 0.284 0.272 -3.169
Health Expenditure(-1) 0.524 0.491 0.541 0.500 0.533 0.547 -0.607
0.817 0.739 0.841 0.794 0.779 0.847 -2.894
Health Status 0.940 0.904 0.935 0.027 -0.033 -0.007 0.671
0.277 0.294 0.249 0.062 -0.100 -0.023 7.825
Carbon Emissions Per Capita 0.389 0.414 0.372 0.352 0.385 0.358 1.539
0.469 0.475 0.458 0.449 0.420 0.433 3.392
Nitrogen Emissiosn Per Capita 0.362 0.363 0.357 0.321 0.331 0.333 -0.121
1.200 1.254 1.165 1.119 1.152 1.174 -0.737
PM10 Emissions Per Capita -0.309 -0.306 -0.316 -0.367 -0.334 -0.345 -0.826
-1.055 -1.092 -1.060 -1.231 -1.244 -1.288 -7.147
Total Higher Education Students -0.146 -0.140 -0.149 -0.132 -0.140 -0.141 0.092
-1.093 -1.062 -1.064 -1.007 -1.052 -1.084 1.866
Wage Earnings Per Capita -0.668 -0.646 -0.683 -0.624 -0.660 -0.665 0.107
-1.575 -1.556 -1.519 -1.507 -1.563 -1.605 4.232
AcuteCare Morbidity 0.473 0.461 0.461 0.465 0.490 0.492
3.004 2.855 2.925 2.873 3.155 3.149
GP Consultation Per Capita 0.601 0.614 0.604 0.626 0.602 0.601 1.054
1.891 1.921 1.876 1.989 1.873 1.924 7.451
Green highlight denotes statistical significance at 5% level of confidence 
Blue highlight denotes statistical significance at 10% level of confidence     
Health status (Y1) in terms of
Dependent Variable (Y3): 
Income Inequality
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results. This was expected in reality as well, as there was a time lag between health 
expenditure made and improvements attained in the household health status.  
In addition, rational households are likely to spend on mitigating and averting 
actions of anticipated health issues, particularly if they are suffering from any 
chronic disease or developing a health management plan for chronic health 
conditions. Consequently, this study used one-year lagged health expenditure as the 
endogenous variable in the household demand for health care equation. However, the 
estimated parameter for a visit to a GP consistently performed well in the current 
HPF model estimation (in both HPF and Health Care Demand equations) suggesting 
households did have demand for preventive actions to improve their health status and 
would be willing to pay for it. This finding supports the current study in estimating 
household’s MWP from the estimated HPF model. 
6.7 ESTIMATING HEALTH BENEFITS 
The present study estimated the HPF model in log–linear form. This means 
that all the estimated parameter coefficients directly measured the health elasticities 
(see Appendix D); that is, the percentage of change expected in the household health 
status (in HPF equation) or household health mitigating and preventive activities (in 
Health Care Demand equation) or income inequality for one percent (1%) of 
observed changed in the explanatory variables. These elasticities also enabled the  
estimation of health benefit gains from an intended policy initiative aimed at 
reducing transport emissions. Given the equations in this HPF model, this study 
could derive the household’s Marginal Willingness To Pay (MWP) function for a 
change in air pollution as the sum of the household’s marginal lost/gained earnings, 
marginal medical expenditure to mitigate and avert health problems (Wibowo and 
Tisdell 1992) and the monetary value of reduced health inequality (in this model, 
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income inequality). While the first two benefits capture the indirect benefits of 
transport pollution abatement accruing to households, benefits derived from the 
reduced income (health) inequality captures the direct benefits of improved air 
quality. 
Given the parameter estimates of the household health production model for 
Australia during 1960-2010, the household Marginal Willingness To Pay (MWP) for 
reduction of one unit of transport emissions i (where i = total carbon or total nitrogen 
oxides or PM10), could be estimated as follows (Murty et al. 2003, Gerking and 
Stanley 1986): 
    i   
                       
                                 
                             + 
                           
                                
 
                           
                                
 
This is expressed as: 
      
  
   
     
     
   
  
      
   
…………………………….(E.7) 
 
In the present estimated HPF model (Table 6.6), seven indicators of 
household health status were used and MWP i could be calculated separately for each 
of these seven indicators to compare benefits derived from each measure. This gives 
policy makers a fair range of options to adopt the most suitable one. However, for the 
present purpose, this study estimated health benefits using two HPF models -
morbidity and mortality health models - as an illustration. The morbidity model 
performed well for income inequality equation compared to other indicators of health 
output and as income inequality was used as a proxy for health inequality, this model 
was considered the most suitable. The mortality model worked best for the health 
care demand function with all explanatory variables turning out to be statistically 
significant (mostly at 1% level with expected signs) 
 Chapter 6: Case Study - Transport Emissions Abatement Policy 184 
Tables 6.3 and 6.4 provide the descriptive statistics of the annual time series 
data on morbidity (acute care days in the household), health expenditure per capita, 
GP consultations as preventive activity, and the exposure to transport emissions for 
the past fifty years, 1960-2010. While the health expenditure per capita was 
measured in dollar terms, the monetary values of morbidity and household mitigating 
and preventive actions needed to be estimated. Using the household’s annual average 
wage earnings per capita information, an estimate of loss of household income (W) 
was prepared in terms of loss of daily wage for the average number of sick (acute 
care) days. Daily wage per capita was calculated from the mean of annual average 
wage earnings per capita chart (available from the descriptive statistics) assuming 
300 working days annually for a household.  
However, for the mortality model, the household’s annual average wage 
earnings per capita was used as the annual loss of income as income loss from a case 
of premature mortality. In this study, the model assumed that the death of a working 
adult in the household was equivalent to an individual’s annual earnings. In reality 
though, the average annual income loss was expected to vary across age groups and 
occupational groups – for example, a 30 year old would have a higher income loss 
than a 65 yearr old individual. Therefore, the average annual income loss could be 
adjusted to reflect this, which this study leaves for future exploration. 
To estimate the monetary value of gains in income (health) inequality 
induced by an improvement in air quality, this study used household income (per 
capita household total expenditure in Table 6.4) as direct benefits derived from 
pollution abatement policy. This transport policy was expected to reduce income 
inequality across household covering different income groups. 
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Using the parameter values obtained from the estimated HPF model, a set of 
annualised monetary benefits to a representative household from a reduction of 
transport emissions was calculated based on the MWP formula described above (E.7) 
and are presented in Table 6.7. This table provides two-step detail calculations of 
household MWP for reduction of a unit of transport pollutant per m
3 
(1gm PM10 per 
m
3
, 1 kg of NOx per m
3
, 1 kg of total Carbon per m
3
). As information of a unit 
change was required for the derivation, signs of parameter estimates were ignored. 
Using the morbidity model (no. of sick days – indicator is ALOSday) for the 
Australian population, the present study showed that a representative household 
would benefit by about $185 annually for each one gm reduction in PM10 emissions 
from the transport sector.  
The same household benefit estimate reduces to about $103 annually when 
parameter estimates from the mortality model are used for quantifying monetary 
benefits.  
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Table 6.7: Monetary Benefits of Reduction in Transport Emissions  
 
Ist Step:  
Using Parameters from the estimated HPF Model (Morbidity and Mortality Models)  
 
 
 
 
Derived Household Health Benefits (MWP) from ALOSday Model
Coefficient in 
the HPF Eqn
Mean Health 
Status/ 
Morbidity 
days
Mean 
Exposure to 
Pollutant  
emission 
Daily Per Capita 
Wage ($)
Coefficient in 
the Health 
Exp Eqn
Mean Health 
Exp
Mean 
Exposure to 
Pollutant 
emission 
Coefficient in 
the Income 
Inequality 
Eqn
Mean Income 
Inequality
Mean 
Exposure to 
Pollutant 
emission
Mean 
Household Exp 
per capita ($)
 PM10  (gm) 1.387 7.42 1757.51 34.89 1.339 1568.30 1757.51 0.826 31.75 1757.51 12228.21
Nox (kg) 0.076 7.42 32.75 34.89 0.099 1568.30 32.75 0.121 31.75 32.75 12228.21
Carbon (kg) 2.371 7.42 3969.57 34.89 2.515 1568.30 3969.57 1.539 31.75 3969.57 12228.21
Derived  Benefits (MWP) from Mortality Rate Model
Mean Average 
Wage Earnings 
per capita ($)
 PM10  (gm) 0.391 963.36 1757.51 10468.43 0.934 1568.30 1757.51 0.367 31.75 1757.51 12228.21
Nox (10gm) 0.244 963.36 32.75 10468.43 0.219 1568.30 32.75 0.321 31.75 3275.31 12228.21
Carbon (kg) 0.134 963.36 3969.57 10468.43 1.776 1568.30 3969.57 0.352 31.75 3969.57 12228.21
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Table 6.7 (cont.): Monetary Benefits of Reduction in Transport Emissions 
2
nd
 Step: Deriving Annualised Monetary Benefits to a Household  
 
In order to estimate the total household gains from the reduction in all three 
transport pollutants, one needs to repeat the calculation for NOx and carbon 
emissions for each health status model separately and then add up all annualised 
monetary gains to get the total household benefit charts. Table 6.7 reports the 
estimated total benefits to a representative household from a reduction in all three 
transport pollutants to be about $1781 and $4677 annually using the morbidity and 
mortality model respectively. It is obvious that the two models have generated 
significantly different health benefit charts, where benefit amounts from reducing 
mortality was larger than that of reducing morbidity, as expected (because value of 
lost life is expected to be more than cost of illness). 
If the derived household benefits for all seven health status models were 
calculated, it is likely that seven different annualised pollution abatement benefit 
figures for a representative household could be obtained. This implies that the 
researchers or users of the results need to choose the model most suitable for the 
purpose. 
Reduction in the 
Pollution level by
MWP for 
Health Status 
($)
MWP for 
Health Exp 
($)
MWP for 
reduced 
Income 
Inequality($)
Benefits 
from each 
Pollutant 
Reduction ($)
Total 
Household 
Benefits ($)
1gm PM10 per m3 1.52 1.19 182.49 185.20 1781.53
Ikg Nox per m3 4.46 4.74 1434.45 1443.65
1 kg Carbon per m3 1.15 0.99 150.54 152.68
1gm PM10 per m3 21.61 0.83 81.16 103.60 4677.52
Ikg Nox per m3 723.37 10.50 3801.59 4535.46
1kg Carbon per m3 3.29 0.70 34.46 38.46
Health Status in terms of Morbidity (No.of Acute Care Days) 
 Mortality Rate as a Health Status variable
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6.8 TRANSFERABILITY OF THE HEALTH IMPACTS ESTIMATION 
MODEL  
The economic model developed and validated in this study to estimate health 
impacts is generic by nature and has wider transferability. 
 The current validation of the model using transport policy parameters was 
carried out at the national level. Subject to the data availability, the model 
could be used to estimate health benefits of a target population for any 
particular public transport investment program or transport policy at more 
disaggregated geographic levels - such as at the state level or local area level.  
 In addition, the model could be applied to estimate health benefits from other 
transport policies (reducing traffic accidents or noise pollution, increasing 
public transport patronage, etc.) and non-health policies (social welfare 
programs, affordable housing, natural disaster mitigation, etc.). 
In terms of the model applicability at the disaggregated level, what is required is 
specific information to develop the database for all exogenous and endogenous 
parameters at the desired disaggregated level – either at the state level or at the local 
area level. However, it may not be possible to get all information as required. In that 
case, this model could still be used to derive an indicative monetary health benefit 
charts, provided the data on total household expenditure, household health 
expenditure and household numbers at the desired disaggregated level was available. 
An example is discussed below, in section 6.8.1. 
In the estimated three simultaneous equation system in this case study 
(section 6.6), three policy parameters were included – annual per capita emissions of 
three air pollutants, namely, PM10, NOx and Carbon. For estimating health benefits 
from other transport policies and non-health policies, one needs to change the policy 
parameters of the HPF model as per the study requirements, while keeping the other 
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exogenous and endogenous parameters in the economic model. To illustrate the 
transferability of the model, section 6.8 discusses two examples. The first example 
demonstrates the variation in health benefits of the same transport policy due to 
differences in household attributes at local area level – assumed to be household 
income in this context. The second example illustrates how the HPF model can be 
applied in estimating health impacts of another transport initiative – The ACT State 
Government’s policy of increasing public transport patronage, in this instance. 
6.8.1 Estimating health benefits at local area level 
In the previous chapter, this study demonstrated that a set of annualised 
monetary benefits from a reduction of transport emissions could be calculated for a 
representative household using the parameter values obtained from the estimated 
HPF model. These economic values were based on the MWP formula described 
(E.7) and observed household attributes – such as average (mean) per capita 
household health expenditure, average (mean) per capita household total expenditure, 
per capita household wage earnings and household health status (in terms of 
mortality and morbidity). The benefit charts were derived for a representative 
Australian household. However, in reality, household attributes across different local 
areas within the country vary significantly with respect to life-style habits, wage 
earnings (income level), health conditions and health awareness, which was reflected 
in the high variation observed in the estimated health inequalities across 932 
Australian local areas (see section 6.3). This implies that monetary health benefits 
from a transport policy (in this instance, a reduction of harmful air pollutants level 
induced by transport emissions) are likely to be significantly different across diverse 
local areas. To demonstrate this point, this study estimated health benefits for a 
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representative household from two hypothetical local areas – one with high income 
and the other with low income households. 
 Table 6.8 presents assessed health benefits from pollution abatement policy 
for a representative household from a high income local area. Similar to the case 
study estimation in the previous chapter, ignoring signs of parameter estimates, this 
table provides a two-step detail calculations of household MWP for reduction of a 
unit of transport pollutant per m
3 
(1gm PM10 per m
3
, 1 kg of NOx per m
3
, 1 kg of 
total Carbon per m
3
). Likewise, Table 6.9 shows health benefits calculated for a 
representative household from a low income area. 
In the hypothetical examples, only household income indicators - average 
(mean) per capita household total expenditure and per capita household wage 
earnings (daily wage and average wage) - were assumed to be changing across 
regions. For the simplicity sake, the present study assumed that the two hypothetical 
areas in question only differed by household income level, while population health 
conditions, habits and lifestyle, exposure to transport emissions and other factors 
remained the same in both areas. In reality, all of these indicators of population 
health characteristics are most likely to be diverse for different population groups 
from different locations.  
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Table 6.8: Derived Household Health Benefits (MWP) from Morbidity & Mortality Model: High Income Local Area  
Step 1 
 
 
 
 
Derived Household Health Benefits (MWP) from ALOSday Model: High Income Local Area
Coefficient in 
the HPF Eqn
Mean Health 
Status/ 
Morbidity 
days
Mean 
Exposure to 
Pollutant  
emission 
Daily Per Capita 
Wage ($)
Coefficient in 
the Health 
Exp Eqn
Mean Health 
Exp
Mean 
Exposure to 
Pollutant 
emission 
Coefficient in 
the Income 
Inequality 
Eqn
Mean Income 
Inequality
Mean 
Exposure to 
Pollutant 
emission
Mean 
Household Exp 
per capita ($)
 PM10  (gm) 1.387 7.42 1757.51 51.56 1.339 1568.30 1757.51 0.826 31.75 1757.51 17228.21
Nox (kg) 0.076 7.42 32.75 51.56 0.099 1568.30 32.75 0.121 31.75 32.75 17228.21
Carbon (kg) 2.371 7.42 3969.57 51.56 2.515 1568.30 3969.57 1.539 31.75 3969.57 17228.21
Derived  Benefits (MWP) from Mortality Rate Model
Mean Average 
Wage Earnings 
per capita ($)
 PM10  (gm) 0.391 963.36 1757.51 15468.43 0.934 1568.30 1757.51 0.367 31.75 1757.51 17228.21
Nox (1kg) 0.244 963.36 32.75 15468.43 0.219 1568.30 32.75 0.321 31.75 32.75 17228.21
Carbon (kg) 0.134 963.36 3969.57 15468.43 1.776 1568.30 3969.57 0.352 31.75 3969.57 17228.21
Derived Benefits (MWP) from Total Life Expetancy Model
 PM10  (gm) 0.062 75.81 1757.51 15468.43 1.013 1568.30 1757.51 0.309 31.75 1757.51 17228.21
Nox (kg) 0.008 75.81 32.75 15468.43 0.286 1568.30 32.75 0.389 31.75 32.75 17228.21
Carbon (kg) 0.057 75.81 3969.57 15468.43 1.841 1568.30 3969.57 0.362 31.75 3969.57 17228.21
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Table 6.8 (cont.): Annualized Monetary Benefits from Pollution Reduction to a 
Representative Household: High Income Local Area 
Step 2 
 
Using the morbidity model (no. of sick days – indicator is ALOSday) for the 
Australian population, this example indicates that a representative household from 
high income area would benefit by about $260 annually for each one gm reduction in 
PM10 emissions from the transport sector (Table 6.8, step 2). In contrast, the 
household benefits for the same pollution abatement policy reduce to about $140 
annually for the representative household from low income area as PM10 emissions 
level declines by one gm. The same scenario could be observed for health benefits 
derived from reduction in NOx and carbon emissions.  
Total monetary gains of a representative household from the reduction in all 
three transport pollutants were calculated for both example local areas (high and low 
income) and for both morbidity and mortality models (see Tables 6.8 and 6.9). 
 
Reduction in the 
Pollution level by
MWP for 
Health Status 
($)
MWP for 
Health Exp 
($)
MWP for 
reduced 
Income 
Inequality($)
Benefits 
from each 
Pollutant 
Reduction ($)
Total 
Household 
Benefits ($)
1gm PM10 per m3 2.24 1.19 257.11 260.54 2507.64
Ikg Nox per m3 6.59 4.74 2020.99 2032.32
1 kg Carbon per m3 1.70 0.99 212.09 214.78
1gm PM10 per m3 31.93 0.83 114.34 147.10 6636.62
Ikg Nox per m3 1068.87 10.50 5356.02 6435.39
1kg Carbon per m3 4.86 0.70 48.56 54.12
Health Status in terms of Morbidity (No.of Acute Care Days) 
 Mortality Rate as a Health Status variable
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Table 6.9: Derived Household Health Benefits (MWP) from Morbidity & Mortality Model: Low Income Local Area  
 
Step 1 
 
 
 
 
Coefficient in 
the HPF Eqn
Mean Health 
Status/ 
Morbidity 
days
Mean 
Exposure to 
Pollutant  
emission 
Daily Per Capita 
Wage ($)
Coefficient in 
the Health 
Exp Eqn
Mean Health 
Exp
Mean 
Exposure to 
Pollutant 
emission 
Coefficient in 
the Income 
Inequality 
Eqn
Mean Income 
Inequality
Mean 
Exposure to 
Pollutant 
emission
Mean 
Household Exp 
per capita ($)
 PM10  (gm) 1.387 7.42 1757.51 24.89 1.339 1568.30 1757.51 0.826 31.75 1757.51 9228.21
Nox (kg) 0.076 7.42 32.75 24.89 0.099 1568.30 32.75 0.121 31.75 32.75 9228.21
Carbon (kg) 2.371 7.42 3969.57 24.89 2.515 1568.30 3969.57 1.539 31.75 3969.57 9228.21
Derived  Benefits (MWP) from Mortality Rate Model
Mean Average 
Wage Earnings 
per capita ($)
 PM10  (gm) 0.391 963.36 1757.51 7468.43 0.934 1568.30 1757.51 0.367 31.75 1757.51 9228.21
Nox (1kg) 0.244 963.36 32.75 7468.43 0.219 1568.30 32.75 0.321 31.75 32.75 9228.21
Carbon (kg) 0.134 963.36 3969.57 7468.43 1.776 1568.30 3969.57 0.352 31.75 3969.57 9228.21
Derived Benefits (MWP) from Total Life Expetancy Model
 PM10  (gm) 0.062 75.81 1757.51 7468.43 1.013 1568.30 1757.51 0.309 31.75 1757.51 9228.21
Nox (kg) 0.008 75.81 32.75 7468.43 0.286 1568.30 32.75 0.389 31.75 32.75 9228.21
Carbon (kg) 0.057 75.81 3969.57 7468.43 1.841 1568.30 3969.57 0.362 31.75 3969.57 9228.21
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Table 6.9 (cont.): Annualized Monetary Benefits from Pollution Reduction to a 
Representative Household: Low Income Local Area 
Step 2 
 
Table 6.8 reports the estimated total annual benefits to a representative high 
income household from a reduction in all three transport pollutants to be about $2507 
from the morbidity model and about $6636 using the mortality model. In contrast, 
Table 6.9 shows that total annual benefit figures for the same policy to be about 
$1345 and $3502 respectively for the morbidity and mortality model.  
As expected, benefit estimates for high income area were found to be 
significantly larger than that of the low income area in this example, given that the 
existing health conditions, lifestyle and habits of the local population and ambient 
pollutants level for both areas remain unchanged. 
In reality, however, positive income effects of a high income area could be 
lessened by negative population health impacts and vice versa for a low income area. 
 
Reduction in the 
Pollution level by
MWP for 
Health Status 
($)
MWP for 
Health Exp 
($)
MWP for 
reduced 
Income 
Inequality($)
Benefits 
from each 
Pollutant 
Reduction ($)
Total 
Household 
Benefits ($)
1gm PM10 per m3 1.08 1.19 137.72 139.99 1345.87
Ikg Nox per m3 3.18 4.74 1082.53 1090.45
1 kg Carbon per m3 0.82 0.99 113.61 115.42
1gm PM10 per m3 15.42 0.83 61.25 77.50 3502.05
Ikg Nox per m3 516.07 10.50 2868.93 3395.50
1kg Carbon per m3 2.35 0.70 26.01 29.06
 Mortality Rate as a Health Status variable
Health Status in terms of Morbidity (No.of Acute Care Days) 
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6.8.2 Estimating health benefits of transport patronage policy 
The second example is the estimation of health benefits from increased public 
transport patronage policy, which is a part of an integrated transport policy, 
Transport For Canberra 2012 -2031, with both long term and short term policy 
outcomes. This integrated policy is an initiative by the Australian Capital Territory 
(ACT) State Government to achieve six strategic goals, in response to a set of 
identified challenges faced by Canberra –air quality, traffic volumes and congestion, 
ambient noise, greenhouse gas emissions, urban sprawl and infrastructure that is 
reaching capacity and social exclusion. The ACT State Government’s new transport 
policy direction to 2031 is based around six strategic goals: 
 transport and land use integration through public transport corridors;  
 social inclusion and transport disadvantage, to ensure public transport 
services reach those with the highest social need for transport;  
 an active travel policy to make walking and cycling easy travel options;  
 strategic management of the road network, parking, motorised vehicles 
and freight to create a more efficient transport system;  
 travel demand management across all modes (pedestrians, cars, 
motorcyclists, cyclists, public transport, freight), including transport 
pricing and transport system performance measurement and reporting; and 
 an action plan detailing policy actions to increase public transport 
patronage for better environment and transport efficiency.  
Health impacts of each of these six policies on the ACT population could be 
estimated separately using the economic model developed and tested in this thesis. 
The total health benefits of the integrated transport policy are derived as benefits 
from all six policies summed up together.  
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However, for the second example, the health impacts of the policy to increase 
public transport patronage was chosen to be assessed within the HIA framework, 
where the monetary valuation of policy benefits derived from the estimation of the 
economic model took a seat in the assessment stage of the framework. This example 
presented an illustration of the use of several methodologies: 
 the damage function approach using dose-response relationships to 
estimate the health impacts (health cases – mortality and morbidity charts) 
of air pollution reduction,  
 an economic model, and  
 a comparative analysis.  
The HPF model of this study could be used to determine factors affecting the 
health cases and to estimate health inequalities. The MWP approach (E.7) of the 
economic model could then be used for placing monetary values on these health 
effects - either by estimating monetary values of reduced illness (morbidity) or, 
valuing the benefits of reduced premature mortality. 
Based on the HPF model as developed and estimated in this thesis, factors 
affecting public health with reference to public transport patronage policy could be 
identified. The aim of this study, in this context, was to examine whether these 
identified variables could explain the impacts of this transport policy on the health 
status of the ACT population. If yes, to what extent policy impacts could be 
measured by monetised health benefits. As described in previous chapters (5 and 6), 
the economic model would consist of three equations explaining how public 
transport patronage policy can improve household health (HPF equation) by 
mitigating household health expenditure (health demand equation) and reducing 
household health inequality (income inequality equation). The HPF model could be 
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estimated using public transport patronage policy parameters - such as transit fare, 
parking price, fuel price, part time employment rate, weather, transit service quality, 
etc. – replacing pollution parameters (per capita CO2, NOx and PM10) as used in 
Chapter 6. Transport policy benefits to a representative ACT household could be 
then assessed using the MWP equation (E.7) for both morbidity and mortality 
models. 
An Alternative Economic Model Approach 
In this example, a two stage ordinary least square (2SLS) model could be 
constructed to identify the factors that determine public health gains associated with 
transport patronage policy in Canberra. In the first stage, the model predicts public 
health status as a function of exogenous factors, which are outside the control of 
transport policy makers. This estimated public health status variable is then fed into 
the second stage as an explanatory variable of the desired level of public health 
outcomes (referred as ‘public health demand’ hereafter). In the model, public health 
demand is then expressed as a function of the current public health status, transport 
patronage policy and the economic characteristics of the target ACT population. In 
addition, the residual from the first stage equation (say, Res) would be included as a 
proxy for other related policy variable in the second stage equation. 
The economic model can be specified as below: 
PHS = g (Exf) + Res ………………………………………… …(1) 
PHD = f (PHS, Ec, Tc, Res) + R ……………………………...(2) 
Where, 
PHS = public health status, measured as average mortality/morbidity rate  
Exf = exogenous factors: such as, population age group, unemployment rates, 
education level, persons/households without car, number of immigrants etc. 
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PHD = public health demand, measured by target health status of the population 
group 
Eco = economic characteristics of the population group: such as, household median 
income, median rent/property price, low income population, population density 
Trc = transport patronage policy variables: such as, transit fare, parking price, part 
time employment rate, weather, transit service quality etc.  
Res = residual from the first stage estimation, equation (1) 
R = residual from the second stage estimation, equation (2). 
As shown in chapters 5 and 6, all of the variables in the economic model, 
irrespective of the estimation method (2SLS or 3SLS), can be transformed into their 
natural log forms, to reflect the potential non-linear relationship between dependent 
and independent (or, explanatory) variables and to obtain elasticity of the 
explanatory variables. These elasticity estimates are essential as they will enable the 
health benefit gains from the ACT Government policy initiative aimed at increasing 
public transport patronage to be estimated. Given the equations in the current HPF 
model, the household’s Marginal Willingness To Pay (MWP) function may be 
derived for a change in air pollution as the sum of the household’s marginal 
lost/gained earnings, marginal medical expenditure to mitigate and avert health 
problems (Wibowo and Tisdell 1992) and the monetary value of reduced health 
inequality (in this model, income inequality). While the first two benefits capture the 
indirect benefits of transport patronage accruing to households, benefits derived from 
the reduced income (health) inequality captures the direct benefits of improved 
access to jobs (better household income and social cohesion) and improved 
environment (better air quality as well as reduced fuel use and noise pollution). 
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This alternative model could be used for estimating the desired level of public 
health gain through transport patronage policy in an identified jurisdiction in the 
short run. For a long term forecast, policy variables need to be incorporated with 
long term targets of transport policy (say, long term mode share) related to Integrated 
Transport Strategy of the ACT Government. 
6.9 CONCLUDING REMARKS 
From a policy view-point, the reporting of household benefits from the 
intended pollution abatement policy will depend on the policy makers’ decision to 
use any particular model of population health status. Ideally, a comparative analysis 
of all available and measurable health statuses should be tested to find the most 
suitable one and a principle of maximum social benefits should be applied.  
However, the coefficient of estimated HPF is likely to vary depending on the 
period of observation, location and population group considered. The case study 
presented in this chapter mainly demonstrates that by using a HPF model, policy 
driven economic benefits of health can be derived easily, which can be incorporated 
in a Health Impact Assessment (HIA) approach. It is expected that as population 
health characteristics and other health determinants change, the economic model 
outcomes will change to reflect the differential health impacts of a particular policy 
initiative. This point is demonstrated by using a hypothetical example, where 
monetary health impacts of the transport abatement policy are quantified for two 
different population groups with different income levels (high and low). The findings 
suggest variation in the monetary health benefits of the same policy, as population 
groups differ. Therefore, population specific policy measures are needed to reduce 
negative health outcomes (morbidity as well as mortality) of public transport 
initiatives (both program and policy). 
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The HPF model advocated in this study is also considered to be generic and 
hence, could be used to assess health impacts of a range of transport strategies. 
Again, a hypothetical example is explored using the ACT State Government’s public 
transport patronage policy and the example demonstrates the transferability of the 
HPF model. 
It is worth-mentioning here that the sensitivity of the HPF model in this case 
study was not tested for different threshold levels of the air-pollutants (used as 
transport policy parameters), due to time constraints. In reality, the intensity of health 
effects (mortality and morbidity) caused by transport emissions depends on the 
pollutants’ ambient concentrations (see Chapter 3). The model sensitivity is also 
affected by the existing age group distribution and gender-mix. The current study 
recognises these facts and consequently, the importance of the sensitivity analysis for 
the HPF model. However, as annual time series data for pollutant concentration level 
was used, the sensitivity analysis of pollutants’ threshold level was not expected to 
affect the findings of the case study significantly. 
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Chapter 7: Conclusions 
This chapter contains two sections - main findings of this research, and the way 
forward.  
The first section summarises the key results of this thesis. This thesis has 
presented in detail the findings of three questions explored in relation to the 
effectiveness of public policies using a case study, which are: 
 How are the health impacts of public transport investment programmes and 
transport policies in Australia assessed? 
 Is it possible to estimate the monetary health benefits of a transport policy 
initiative directly using a generic economic model? 
 Is it appropriate to use uniform health values for estimating health costs 
and benefits of policy initiatives across population groups located in 
different local areas? 
The case study is focused on the household benefits (in dollar terms) derived 
from a transport abatement policy.  
The section on the way forward discusses the limitations of this study. It also 
identifies a few areas for future research as an extension of these thesis findings. 
7.1 MAIN FINDINGS 
The study has addressed the first query on health impacts valuation of major 
transport investment programs or transport policies by developing a simple economic 
model using the concept of Health Production Function (HPF) and incorporating the 
model in the Health Impact Assessment (HIA) framework.  
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The HIA was considered the most appropriate framework as it assesses the 
beneficial and adverse effects of a programme or policy on public health and on 
health inequalities through the distribution of those effects. In Australia, HIA has 
been conducted as part of the environmental impact assessment in non-health policy 
decisions. It has particularly become very popular recently and is being practiced 
independently or jointly with other impact assessments by the policy makers at state 
and local government levels. However, the issue with the current practice of HIA is 
that researchers and/or policy makers usually try to influence the decision making 
process using its scientific findings, mostly epidemiological and toxicological 
evidence. In reality, this evidence, though robust, is not suitable to investigate the 
causal links between policy and health impacts, as it cannot explain how an 
individual or a community reacts to changing circumstances. To address this missing 
link, this study put forward an economic approach as economic analysis can explain 
observed changes in group and individual behaviour in a given economic set up, 
while identifying influential determinants. 
Accordingly, a HPF approach was used to develop a generic model to assess 
transport policy effectiveness. This study found that at the aggregate level, the 
population health status in Australia during the 1960-2010 period, was affected by a 
range of economic, socio-economic and policy variables, in addition to existing 
health conditions. In this context, transport policy to reduce air pollution generated 
by the transport sector was used as the case study for the empirical model as it 
presented a multi-disciplinary policy angle. 
The study findings suggest that household income, education level 
(particularly female education), aging population, air pollution, wage differential in 
the labour market, income inequality, availability of health care services were 
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important health determinants along with transport policy variables (transport 
emissions of PM10, NOx and Carbon) and some of these were inter-connected. 
Consequently, it was important to consider the inter-dependency of these health 
determinants while assessing health impacts of any policy initiatives. The present 
study has addressed this inter-dependency issue by using a simultaneous equation 
system for the empirical model. 
The HPF model was estimated using two methods – a two stage least square 
(2SLS) in Chapter 5 and a three stage least square (3SLS) in Chapter 6. The latter 
method was found to be more robust for the current study. Since the findings from 
the first method were not found to be very strong, the study modified the empirical 
model functionally in Chapter 6 to obtain better statistical results. The modifications 
were as follows. 
 The most important was the use of log-linear form to obtain population 
(household) health elasticities.  
 Another important change made was to use the previous health 
expenditure made by the household to improve their health status 
assuming a temporal gap in the health effects from mitigating and averting 
actions taken by the households. 
 Morbidity variable (number of acute care days) was also used as both an 
endogenous and exogenous variable – exogenous in six health status 
model and endogenous in one health status model. 
One advantage of using an economic model is the ability to conduct an 
economic evaluation of the observed relationship between population health and its 
determinants. In practice, an economic evaluation facilitates a comparison of policy 
impacts in monetary units, in terms of costs and benefits derived from intended or 
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implemented policies and programs, which is essential for policy decisions in the 
current environment of resource constraints faced by most economies. This brings 
this study to the second research question. 
The second research query of this study was addressed by estimating health 
benefits of a representative household derived from a transport pollution abatement 
policy. The study calculated monetary benefits using a Marginal Willingness To Pay 
(MWP) approach for two models – morbidity and mortality and found that the 
morbidity model brought a higher monetary gain for the household, compared to the 
mortality model.  
More importantly, the benefits estimation exercise suggested that the monetary 
gains from a policy initiative were likely to vary depending on the health status being 
considered as the indicator for population health status. This implies that from a 
policy view-point, a comparative analysis of all available and measurable health 
statuses should be tested to find the most suitable one and a principle of maximum 
benefits achievable should be applied. The limitation in this context would be that 
the reporting of household benefits from the intended policy would depend on the 
policy makers’ decision to use any particular model of population health status. 
However, the policy impacts in the HPF are likely to vary depending on the period of 
observation, location and population group considered. 
Though the present study could not use health inequality per se as an indicator 
for the estimated HPF model due to lack of time series information, the study looked 
into various inequalities estimated for different health conditions and health 
indicators across small areas – ranging from 200 local areas within NSW region to 
932 local areas in Australia as a whole. A significant level of health inequalities were 
observed at different points of time for different health conditions and health 
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indicators, which were summarised in Chapter 6. The findings strongly suggest that 
it is not appropriate for current policy impacts analysis to use identical health status 
values for population groups from different locations, while estimating health costs 
and benefits of a transport policy or a transport investment program.  
Spatial health inequalities are found to exist across Australian local areas and 
using a uniform health status value would provide either under or over-estimated 
costs and benefits from an intended policy initiatives. 
To illustrate this point, this study investigated the transferability of the 
economic (HPF) model by estimating health benefits of a representative Australian 
household from two hypothetical local areas – one with high income and the other 
with low income households. The hypothetical example showed that the same 
transport abatement policy provided larger economic health benefits to households 
from high income area compared to that of low income area, keeping other health 
factors the same in both areas. This implies that public health influencing factors like 
population health conditions, habits and lifestyle and exposure to transport emissions  
are assumed to be unchanged in this example. Therefore, when these factors also 
change in reality, local areas with varied population characteristics are most likely to 
deliver significantly different health benefits for the same transport policy. 
The transferability of the economic (HPF) model was also discussed for 
valuing health benefits from another transport policy - increasing public transport 
patronage in Canberra (ACT) for better environment and transport efficiency. 
Overall, this thesis demonstrates that health impacts of potential public 
transport investments and policy measures in Australia can be quantified in dollar 
terms using an economic approach – based on an estimated long run Health 
Production Function (HPF). The economic approach was articulated using an 
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empirical economic model with three simultaneous equations. The model was used 
to show that a representative household could achieve positive monetary health gains 
from a transport policy initiative. The economic (HPF) model was found to be robust 
as validated against the popular transport abatement policy and later checked for the 
model’s wider applicability through two example case studies. The application of the 
HPF model in a hypothetical example (see 6.8.1) suggested that it was inappropriate 
to use uniform health values to estimate health costs and benefits of policy initiatives 
across different population groups, as their HPF would be influenced by population 
specific health conditions, lifestyle and habits, socio-economic conditions and 
location characteristics.  
7.2 THE WAY FORWARD 
In reality, it is not always feasible to validate quantitative estimates of health 
impacts by real-world outcome data for decision-making due to a lack of required 
information and inherent data problems such as inconsistency, classification issues or 
unobserved effects. The suggested way forward in this situation is to use a flexible 
assessment approach, as policy decisions are mostly time bound and cannot be 
delayed on the grounds of unavailability of appropriate information. The present 
study also experienced the lack of data problem for health inequality information and  
used an appropriate proxy (income inequality) to tackle the issue.  
Given the imperfect information problems, policy makers need to know the 
broad determinants of population health, if not all, and the directions and/or nature of 
relationships with those determinants. They are aware that it is impossible to observe 
all determinants at the same time or for a long time consistently. Consequently, it is 
likely that both quantitative and qualitative evidence will be required in a real policy 
environment to estimate the likely impacts on the wider determinants of health. In 
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this context HIA is considered most appropriate as its strength as a tool lies in its 
ability to include both quantitative and qualitative evidence. This is particularly 
useful for considering the many health risk factors for which reliable dose–response 
functions and economic relation functions are unavailable, and the value judgements 
of the policy makers can be quantified (O'Connell and Hurley 2009). In fact, a 
review of US HIA practice suggests a combined approach to be undertaken, as 
quantitative estimates may not be transferrable and should be balanced with equally 
important but non-quantifiable effects (Bhatia and Seto 2011). 
The point to be noted is that although quantitative estimates are useful in HIA 
for estimating the magnitude of population-level health impacts, the size of the 
magnitudes is dependent on the data used in terms of determinants, time period, 
location and the methodology choices. Therefore, these estimates are more suitable 
for inference drawing than predictive quality. However, the quality of predictive 
quantitative estimates rests on the strength of the causal model, the availability and 
validity of inputs and parameters, and the transparency of the application and its 
assumptions (Bhatia and Seto 2011, Veerman et al. 2007). The current study 
quantified health impacts and then estimated the monetised value of health gains 
from an identified transport policy using annual time series data sourced from a 
secondary database. As annual data makes the sample size small, there could be a 
consequential methodological bias in the study findings. It is quite possible that with 
a quarterly or monthly data set and data collected from a primary survey, the study 
could come up with a different set of quantitative estimates. Therefore, this issue 
demands for further exploration in future. 
Another relevant issue that remained unexplored in this study is the issue of 
vithe lifecycle costs of transportation investments relative to health related costs, 
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where the later accrue over the lifetime of the individuals. Lifecycle costs analysis 
(LCA) has been practiced by both public and private sectors for past several decades 
in decision making for alternative transportation investments. LCA includes all 
potential costs incurred – such as, design cost, construction cost, maintenance cost, 
rehabilitation cost, user cost, and salvage value - over the project life, usually 25-40 
years, depending on the nature of the project. However, external costs such as 
environmental costs including health costs and other non-agency costs are generally 
not estimated in detail in LCA, rather a priori costs or indicative external costs are 
considered. In contrast, health costs of transport are influenced by a range of health 
and non-health factors that affect the population over their lifetime, usually defined 
by the average life expectancy, which is currently over 80 years for Australians, 
excluding premature mortality caused by transport externalities like traffic accidents 
and transport emissions. 
This implies that specific transport investments are likely to impact 
population health beyond its project life considered in a lifecycle costs analysis and a 
part of the population most probably get affected due to their existing health 
conditions. However, given the short time frame of decision making, it is difficult for 
policymakers to isolate existing population health costs from a specific project (or, a 
transport initiative) induced health costs as well as to include all potential health 
costs generated by specific transport investments into a lifecycle costs analysis. The 
same time frame argument applies for quantifying health benefits of specific 
transport investments. Health benefits induced by a transport initiative during its 
project life actually can include benefits from other existing initiatives servicing the 
population. So, there is a need for developing a framework that could address the 
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questions on time frame to be considered in health impacts assessments or 
evaluations, such as: 
 How to identify the potential time frame when the health benefits of specific 
transportation investments or transport policy cover the entire costs of the 
initiatives implemented considering synergistic impacts of other concurring 
policy initiatives?  
o An example would be health benefits from introducing a new mass rapid 
transit network in a neighbourhood (or local area), where initiatives for 
active transportation and physical activity are already implemented. 
 How to develop a methodology that can forecast reliable estimate of 
economic health benefits (both from morbidity and mortality effects) as a 
result of “healthy transportation investments”, which could be used in 
decision making with confidence. 
In addition, the limited scope of the thesis has not allowed the current study 
to investigate the transferability of the economic model (the HPF model estimated in 
chapters 5 and 6) using real demographic and socio-economic data for different local 
areas or a range of major transport investment programs or different transport 
policies. Application of the HPF model in estimating health impacts of a selected 
range of major public transport investment programs and/or transport policies in 
Australia seems to be a useful extension of this thesis. 
Finally, it would be interesting to conduct a comparative analysis of the 
health benefits derived from the HPF model for different population groups (of a 
specific policy) or different transport policies (for a specific population group). 
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Appendices 
Appendix A: A Review of Value of Statistical Life (VOSL) Estimates 
 
Table 1 below shows different approaches used by different national 
governments globally leading to different estimates of VOSL. The choice of results 
is based on how representative the studies are in terms of method and context. This 
table tried to put together a sample comprising the various available methods 
(“human capital”, “hedonic” and “contingent valuation”) as well as the various study 
contexts in which “statistical life valuation” should be conducted. 
Table 1: Different approaches used globally leading to different estimates of VOSL  
Study Country  
of Study 
Mortality Risk 
Type Studied 
Method Used Estimated  
VOSL(US $M) 
Gerkins et al., 
(1988) 
USA Industrial accidents Contingent valuation 
(WTP) 
4.2 (a) 
Viscusi et al., 
(1991) 
USA Road accidents Contingent valuation (WTP) 3.3 (b) 
Le Net (1994) France Road accidents Human Capital 0.7 
Desaigues, R 
(1995) 
France Road accidents Contingent valuation 
(WTP) 
1.1 (c) 
Lanoie et al., 
(1995) 
Canada Road accidents Hedonic Method(WTP 
- wage differential) 
15.4 – 17.0 
USEPA (1999) USA (d) (d) 5.9 
ExternE (1995) Europe (e) (e) 2.7 
Jones-Lee et al., 
(1998) 
UK Road accidents Contingent valuation 
(WTP) 
1.6 – 2.6 
Krupnick et al., 
(2000)  
Canada  Contingent valuation 
(WTP) 
1.2 – 3.8 
WHO (Tri National 
Study 1999) 
France, Austria, 
Switzerland 
Transport emissions Willingness to pay 
(WTP) 
Euro 
915,000 
ECMT (2000) Europe Road Traffic Safety 
Measures 
Contingent valuation 
(WTP) 
Euro million 
1.1 - 1.3  
BTRE (2002) Australia Rail accidents Human Capital $A 1.9  
BTRE (2005) Australia Transport emissions Human Capital $A 1.3  
Tsuge et al., (2005) Japan Accident, cancer, and 
heart disease 
Choice Experiment 
(CV –WTP) 
2.9 
Andersson (2007) Sweden Road traffic  Contingent valuation 
(WTP) 
3.0 – 15.3 
(at US 2005 $) 
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NOTES: (a) Value based on mean. 
        (b) Value based on median. 
        (c) Mean value for a program saving 1,000 lives. 
        (d) Value used by the Environmental Protection Agency (USA) based on 26 studies (21 using the 
hedonic method (wage) and 5 using the contingent valuation method). 
        (e) Value defined in the ExtenE project (“External Costs of Energy”) funded by the European 
Cmmission. This value is the weighted mean of 15 European studies (hedonic and contingent 
valuation) available at the beginning of this project. 
Table 2: Labour Market Estimates of VOSL Globally Found 
Study/Country VOSL (US $millions in 2000 US $) 
Median value from of 30 US Studies 7.0 
Australia 4.2 
Austria 3.9 – 6.5 
Canada 3.9 – 4.7 
Hong Kong 1.7 
India 1.2 – 1.5 
Japan 9.7 
South Korea 0.8 
Switzerland 6.3 – 8.6 
Taiwan 0.2 – 0.9 
United Kingdom 4.2 
       Source: Table 1, Viscusi and Aldy (2003) 
 
Table 2 presents the labour market estimates (hedonic valuation – WTP) of VOSL as 
reported in the study by Viscusi and Aldy (2003). This table shows that parameters 
associated with the “average risk” variable are all negative and significant. The 
income elasticity has been positive and significant for all the specifications – it 
ranged between 0.49 and 0.60 for the specifications using OLS and oscillated 
between 0.46 and 0.48 for results obtained by robust regressions.  
The table 3 below captures a summary of the results from the different meta-
analyses performed in the study by Bellavance et al. (2007). The study affirms a 
positive relation between incomes and estimations of the value of a statistical life.  
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Table 3: Summary of the results from the different meta-analyses 
Source:: Table 3, Bellavance et al., 2007 
 
The table 3 showed that the income elasticity obtained by these different 
meta-analyses is always equal to or lower than 1, except for the Bowland and Beghin 
study (2001). However, the study could not reach any conclusion regarding the 
relation between average risk and the value of a statistical life. The relationship 
seemed to be ambiguous since in some cases, the study obtained positive and 
significant coefficients; but in other cases, negative and significant. 
  
Study Risk Income Income Elasticity 
 Sign Significant Sign Significant  
Liu et al.,  (1997)  -  YES  +  NO  0.53  
Miller (2000)  n.a.  n.a.  +  YES  0.85 to 1.00  
Bowland and Beghin 
(2001)  
+  YES  +  YES  1.7 to 2.3  
Mrozek and Taylor 
(2002)  
+  YES  +  YES  0.46 to 0.49  
Viscusi and Aldy 
(2003)  
-  YES  +  YES  0.46 to 0.60  
de Blaeij et al.,  
(2003)  
+  YES  +  YES  0.5  
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Appendix B:Damage Function Approach 
 
One of the popular methods to estimate the health impacts of air pollution 
reduction is the use of the damage function approach applying dose-response 
relationships, collected from epidemiological evidence. In this approach, additional 
information obtained from the cost-of-illness method can be used to place monetary 
values on the reduced illness (morbidity) of air pollution. In the case of death, 
economic estimates are usually based on willingness-to-pay to reduce premature 
mortality from air pollution. 
Dose-response relationships are functions mostly based on epidemiological 
data from the US, Canada, and the United Kingdom that provide information on 
changes in ambient air quality for different pollutants to different health outcomes. 
The principle is that health effects of air pollution can be quantified (in terms of 
health cases) from the observed statistical association between pollutants and health 
effects (pre-mature mortality and/or morbidity). This means that changes in ambient 
air pollution levels for certain pollutants can be statistically related to observed 
changes in morbidity (sickness) and mortality (death) in a population.  
The estimated health impact can be estimated by the following relationship: 
dHi = bi * POPi * dA 
where: dHi = change in population risk of health effect i; 
b i = slope from the dose-response curve for health impact i; 
POPi = population at risk of health effect i; 
dA = change in ambient air pollutant under consideration. 
Using regression analysis, coefficients are estimated first and then multiplied 
by changes in ambient pollution concentrations and the population exposed. Most of 
the health impact valuation studies are previously conducted in Europe and the USA. 
However, there are a few works in the Australian context as well (NSW EPA 2013, 
AECOM 2011, BTRE 2005, Beer 2002). 
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Appendix C:Estimating Health Care Elasticity From Logarithmic Equation 
 
In economics, elasticity is the measurement of how responsive an economic 
variable is to a change in another. The coefficient of elasticity between variables X 
and Y is generally expressed as: 
   percentage change in variable Y 
coefficient of elasticity  =   
       percentage change in variable X 
 
Following this definition, health care elasticity measures how health status 
changes in response to a percentage change in health care services (such as, medical 
care expenditure, visit to physicians, access to health care services etc.). Elasticity is 
a popular tool among empiricists because it is independent of units and thus 
simplifies data analysis. 
In empirical economic analysis, an elasticity is the estimated coefficient in a 
linear regression equation (known as log-linear or double log equation) where both 
the dependent variable and the independent variable are in natural logs, such as: 
 Log (Y ) = constant + b Log (X) + Residual 
  where ‘b’ is the coefficient of elasticity 
In an estimated log-linear or double log equation, a coefficient estimate 
measures the percentage change in output (dependent variable) induced by a certain 
percent change in inputs.(explanatory variables) and thus measures the elasticity of 
the explanatory variable, keeping other variables unchanged.  
For example, in a Health Production Function (HPF), the demand for health 
care services becomes perfectly elastic, if for an 1% increase in health care (X), 
population health status (Y) improves by 1% (an elasticity equal to 1). However, if 
for an 1% increase in health care, health status improves by 0.6% (i.e., less than 
1%.), demand for health care services is considered to be less elastic (an elasticity 
less than 1). In contrast, when health status improves more than proportionately (say 
1.5%) in response to an 1% increase in the health care services, the demand for 
health care turns out to be highly elastic (an elasticity greater than 1).  
In the policy context, this elasticity information is very useful as it can 
indicate how population health may respond to a policy affecting health care 
services. 
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Appendix D:Gini Index and Lorenz Curve for Health 
 
A health Lorenz curve represents the cumulative proportion of a population's 
health as a function of the cumulative proportion of the population, where the 
population is ranked from lowest to highest health. Lorenz Health Curve can be used 
to calculate the Gini Coefficient or Index of Health Inequality. 
Fig.1: Gini Index and Lorenz Curve for Health 
  
The Gini index is based on the Lorenz curve, where the x axis represents the 
cumulative proportion of individuals by level of health and the y axis represents the 
cumulative total proportion of health of these individuals (Fig 1). Along the x axis, 
individuals are ranked in an ascending order of population health status - that is, the 
most sick persons are accounted first and the proportion of healthiest individuals 
comes at the end. If health is equally distributed among individuals, the Lorenz curve 
becomes a diagonal line implying there is no health inequality within the population. 
Therefore, the curve starts deviating from the diagonal line, as health inequality 
arises. More the curve diverges from the diagonal line, the larger is the extent of 
health inequality. The magnitude of the inequality index ranges from zero (0) - when 
the curve coincides with the diagonal line- to 1 - when all the health of the 
population is concentrated in a single person.  
Thus, Gini coefficient for health inequality measures the deviation from the 
line of equality and it ranges from 0 to 1. It is defined as twice the Lorenz curve area.  
Lorenz Health Curve  
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It is obtained by the following formula:  
 
where pi and qi represent, respectively, the proportion of individuals by health level 
and the cumulative total proportion of health of these individuals. 
 
Appendix E: Statistical Area level 2 (SA2) of ABS Classification 
 
The SA2 is the lowest level of the ASGS (Australian Statistical Geography 
Statndard) structure for which Estimated Resident Population (ERP), Health and 
Vitals and other non-Census ABS data are generally available.  
All SA2s (total 2,196 spatial units) aggregate directly to SA3s in the Main 
Structure, as well as Significant Urban Areas. SA2s do not cross State/Territory 
borders. SA2s are mainly used to represent a community that interacts together 
socially and economically. Together these SA2s cover the whole of Australia without 
gaps or overlaps. Jervis Bay Territory, the Territory of the Cocos (Keeling) Islands 
and the Territory of Christmas Island are each represented by an SA2. 
SA2s generally have a population range of 3,000 to 25,000 persons, and have 
an average population of about 10,000 persons. SA2s in remote and regional areas 
generally have smaller populations than those in urban areas.  
The concept of a functional area is used at all levels of the ABS Main 
Structure, but is essential to the design of the SA2s outside major urban areas. A 
centre and its functional area are represented by one or more SA2s. A functional area 
is the area from which people come to access services at a centre. This centre may be 
a rural town, a regional city, a commercial and transport hub within a major city, or 
the major city itself. A rural town and its functional area may be combined into a 
single SA2. A larger town may be identified by its own SA2 and its functional area 
by a second SA2. Larger towns and regional cities may be represented by several 
SA2s, as may their functional areas. Within cities, the SA2s represent gazetted 
suburbs rather than functional areas.  
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In remote areas, it is difficult to apply the concept of a functional area without 
creating regions which are too large and diverse. In remote areas, the SA2s were 
designed to represent meaningful regions, useful for statistical analysis. 
 
Source: ABS Cat. No. 1270.0.55.001 - Australian Statistical Geography Standard 
(ASGS): Volume 1 - Main Structure and Greater Capital City Statistical Areas, July 
2011  
 
 
 
